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47th Congbesk, I SEK^ATE. i Bepobt 

2(1 SeHsian. ( \ No. 96U* 



IN THE SENATE OF THE UNITED STATES. 



Fbbkuary 9, 1883.— Ordered to be printed with the testimony. 



Mr. Logan, from the Select Committee od Heavy Ordnance and Pro- 
jectiles, submitted the following 

REPORT AND TESTIMONY: 

The Select Committee o» Heavy Ordnance and Projectiles, having 
been directed to n»port under the following resolution — 

Heholved, Tliat a select couimittet* of five Senators, to consist of the chairman of the 
Committee on Military Attairs, and of Naval AflfairH. and three other Senators to be 
appointed by the President jwo teinpore of the Senate from Haid committees, be raised, 
with inHtruetions to take iotiO connideration the snbject of heavy mdnance and pro- 
jectiles tor the arnuiment of the Navy and the Hca-cooHt defenses, and said select com- 
mittee shall have leave to sit dnrinf; the recess of the ^Senate and to send for persons 
and papei*H, and shall report the resnlts of their invest ij^ation-s to the Senate at its 
next scHsiou, with any re«'onnnendationH said coniiiiittee may deem it proper to make 
on the snbjects committed to them — 

IVftide public announcement that it would hear and receive the statements 
of all persons interested in the subject of heavy ordnance and projec- 
tiles, who desired to present their views for the consideration of the 
committee. 

A number of inventors and manufVicturers of cannon and projectiles, 
and the Chief of Ordnance of the Army, appeared before the committee 
and gave expression to their views while submitting plans, designs, and 
estimates. Their statements, designs, &c., accompany and form part of 
this report. The (committee also examined the report, submitted to Con- 
gress last summer, of the board of ofUcers appointed to consider the 
subject of heavy ordnanc>e and projectiles, under the act of Congi^ess 
approved March 3, 1881, of which board Gen. ^leorge W. Getty, United 
States Army, was president. 

After as careful a (consideration of this very important subject as the 
time at its disposal would permit, the committtee desires to state, in 
brief, the conclusions it has reached as to the most judicious and eco- 
nomical method of meeting the heavy-ordnance ciuestion in the future. 

It appears from the statements made to the committee by the Chief 
of Ordnance, United Htates Army, that the government has on hand a 
large number of comparatively inetlicient 10-inch smooth-bore guns, but 
that these guns admit of being converted into strong and effective 8-inch 
rifles, by lining them with a coiled wronght-iron tube, which also car- 
ries the ritling. The endurance of these Sinch rifled guns is fully proved 
from the records, which show that they have been fired many hundreds 
of rounds, and are still in good con4lition. 

Their power has been demonstrat^ed by trials against iron plates, 
showing that a penetration of from 8 to 10 inches is obtained at 1,000 
yards. By converting several hundred of these smooth-bore guns we 
shall at once utilize material on hand, secure at a comparatively low 
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cost a gun that is well adapted to tbe defeuse of secondary positions, 
our smaller sea-ports, and very effective for the protection of t<>rpedo 
jRelds. With the like object of making the most of the material now on 
band, the 3()0 15-inch smooth-bore guns distributed at our forts should 
be i)laced in a serviceable condition by being mounted on carriages 
adapted for firing the present charges of ])owder. There are a sufficient 
number of carriages on hand for mounting most of these guns, but many 
of them need alterations to facilitate maneuver, and the addition of 
buffers to check recoil under the new condition of a largely increased 
powder charge. 

The committee is impressed with the necessity of employing steel in 
some form, as the material of guns of high power and of large ealilier. 
This metal seems now to be almost universally adapted for orduanctj 
purposes abroad, and in order to compete with foreign powers, as re- 
gards both the guns and armor plate that can be brought against us, 
as soon as practicable we, too, must ha\ e recourse to ste<^l as the ma- 
terial for our guns. For which reason, and with a view to making a 
beginning in this important work of developing the manufacture of steel 
guns in this country, the reeommendation of the Chief of Ordnance that 
some experimental all-steel guns of the smaller (caliber sliouid be con- 
structed for test is accei)ted. Exi)eriments in this direeticm will be beset 
with many difficulties owing to the backward state of our ste(»l indus- 
tries as regards the production of gun steel, from the*, want of adecpiate 
plant, knowledge of manufax'ture, and exj)erience in the mechanical 
construction of built- u]) guns. The embarrassment we may reasonably 
hoi)e will in time disai>i)ear under proper encourag(»men1 and with an 
increased experience in tlie manufacture. 

It will take time before such a develoi)ment of our manufacturing 
facilities is attained as will admit of our produ(;ing steel guns of the 
largest calibers, such as will be required for coast defense; but we can 
do something even now in the way of the smaller calibers, and thus 
make a beginning. The earlier we make a beginning, Just so much 
earlier shall we reach that ultimate development recpiisite. 

It is apparent that cast iron alone is not equal as a jnaterial to steel 
for modern rifled guns. The almost universal practice of l^^urope is 
against it. But where properly strengthened with steel, by h()oi)ing, 
tubing, or wrapi>ing with wire, cast iron may yet be emi)loyed to excel- 
lent purpose, and especially with rifled mortars, when the strains to be 
endured are not great. 

The recommendations of the Chief of Ordnance, in reference to the 
fabrication of certain experimental guns of this kind, are both wise 
and prudent, as thcvse guns can be ])roduced with comparatively little 
dfelay, the metal could be procured at once in this country, and we could 
thus be provided with a very ettective gun. at least one that will sur- 
pass anything we now have. We shall thus be better prepared for 
emergencies until the developments of steel manufacture furnisli us 
with more powerful all-steel guns. As regards the a arious systems of 
breecli-closure for breech-loading guns, the two now in general use, the 
interrupted screw and the Krupp wedge-block, seem preferable to any 
of *the other systems yet tried. They are simple in construction and 
have satisfactorily endured the tests of actual service. They have been 
tested not in single guns experimentally, but in guns in actual service, 
and in guns of all calibers, from the small field gun, weighing less than 
half a ton, to the monster guns of 72 and 100 tons. This being a fa(;t, 
combined with the further fact that the method of making and applying 
these two sjstems in gun-construction is known in the minutest detail 
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for purposes of uiaiiufacture, luiviiig gone beyond the region of experi- 
ment, is the strongest argument in favor of using tliese in our con- 
structions. The new systems of breecli mechanism proposed, however, 
seem to have merit, but not such pronounced merit as so justify the ex- 
penditure of large sums in their trial prior to the commencing of fabri- 
cating guns on one or the other tried systems. 

In the opinion of tbe committee, therefore, one of these two systems 
should be used at the i)resent. Hut inasmuch as there are various opin- 
ions on the subject of metal for ordnance purposes, and also as to the 
best systems of guns and projectiles, entertained by persons of vast ex- 
perience in these matters, and also that inventors may have a fair op- 
portunity of having their inventions tested, where they ])romise success, 
your committee make the following recommendations: 

We recommend that the Chief of Ordnance have, as fast as practica- 
ble, one hundred of the 10-inch smooth-bore cast-iron guns converted 
into Sinch rifle muzzle-loading guns, with the coiled wrought-iron tube, 
which shall carry the rifling. 

We recommend that the .'500 15-inch smooth-bore guns, distributed at 
our forts, shall be i)laced in a serviceabh^ condition by being mounted 
on carriages adapted for the tiring at the present charge of powder, with 
the addition of buffers to tnke recoil under the new conditi<m of a largely 
increase<l powder charge. 

We recommend the nuiking of two steel guns; one Sinch, and one 
lOinch; both to be rifle breech-loading guns. 

We recommend the making of two cast-iron ritle breech -loading 12- 
inch guns, i'ov the purpose of thoroughly testing that ciuality of gun. 

We recommend the making of su(!h number of cast-iron guns banded 
with steel bands or wrapped with wire, ns nuiy be necessary to fully 
and thoroughly test their (efficiency. 

We recommend that the views of fhe Chief of Ordnance and Getty 
Board be carried out in reference to the fabricating of 12-inch rifled 
mortars. 

We recommend that the Chief of Ordnance shall select from the many 
breech-loading devices offered to the (rctty Board and Committee on 
Ordnance two that promise the greatest success; and shall have them 
tested at a cost to the government of not more than fifteen thousand 
dollars each. 

We recommend that the Chief of Ordnance may test any of the various 
projectiles offered, at as small a cost to the government as can be done; 
selecting such projectiles as in his opinion promise the greatest success. 

We recommend that the Chief of Ordnance test the system known 
as the "multicharge" system of guns. 

And, for the purpose of carrying out these recommendations, and to 
enable the Chief of Ordnance to prosecute the work in a judicious and 
economical nmnner, that the sum of $300,000 be appropriated in the 
ibrtification bill for use during the fiscal year ending June 30, 1884; 
a.nd the Chief of Ordnance will report, through the Secretary of War, 
at the next session of Congress, the progress made in carrying out 
these recommendations. 

All of which is respectfully submitted. 

JOHN A. LOGAN, Chairman. 
WADE HAMPTON. 
E. H. ROLLINS. 
CHAS. W. JONES. 
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STATEMENTS 

BEFORE 

THE SELECT COMMITTEE ON HEAVY ORDNANCE AND PRO- 
JECTILES, 

APPOINTED UNDER SENATE RESOLUTION OF AUGUST 2, 1882, 

CONSISTING OF 

SENATORS LOGAN (CHAIRMAN), CAMERON OF PENNSYL 
VANIA, ROLLINS, HAMPTON, AND JONES OF FLORIDA. 



Washington, Saturday^ December 23, 1882. 

Tbe committee met imrsnaut to notice, to hear i^tatements from per- 
sons iuterested in the subject of heavy ordnance and projectiles. 

STATEMEHT OF W. E. WOODBBIDGE. 

Washington, January 27, 1883. 
To the Hon, Committee of the Senate on Heavy Ordnance and Projectiles : 

Gentlemen : I have the honor respectfully to refer to the appended 
pages for a description of the plans of gun-construction presented by 
me to tbe late Board on Heavy Ordnance and Projectiles. 

In connection therewith I submit a summtiry of the principal dimen- 
sions, charges, calculated energies, and estimated cost of the proposed 
guns. 

The systems recommended by the Board referred to will be found 
described in >ections 2, 4, and 5. 

I beg to state that it will be a pleasure to me to in any way further 
the objects of the committvce. 

I am, gi-ntlemeu, very respectful! • , your obedient servant, 

W. E. WOODBRIDGE. 



modes of CONSTRUCTING HEAVY ORDNANCE PROPOSED BY W. E. 

WOODBRIDGE. 

• 

The several systems of construction herewith submitted are not pre- 
sented as being equally advantageous for guns of high power, but the 
endeavor has been to present the best development ot the different 
classes of construction which have yet a possible foothold in the esti- 
mation of constructors of ordnance. 

If this can be done, it seems to be the way in which the comparative 
merits of different systems will best be made to appear. And if there 
are positions for guns of a second class, the study of the construction of 
such may not yet be out of place. 

The pressures and velocities given in connection with the several 
models represented in the accompanying drawings are derived from 
the tabulated results of Messrs. Noble & Abel's experiments combined 
with the data afforded in the test of the 10-inch wire gun at Sand^^ Hook 
in October la«t. The three rounds with 80 pounds of Du Pout's hex- 
agonal powder "I. O. B. No. 2," in which we have the density of load- 
ing, are taken as coming more nearly to the conditions of service with 

S. Rep. 959 1 
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the new guiis tbau aiiytbing else accessible, although the density of 
loading was very high, being 0.95. 

The pressures were estimated upon the hypothesis that the observed 
pressure in the instance mentioned bears the same proportion to press- 
ures exerted by the same quality of powder where the density of load- 
ing is different that the pressures of the products of complete combus- 
tion bear to each other with the same difference of densities. The hy- 
pothesis is not considered to be strictly correct, but is perhaps as nearly 
so as any that our present data will enable us to construct. 

It was thought proper to take as a basis for tbe estimates a pressure 
somewhat higher than the highest recorded in the three rounds men- 
tioned, as it is presumable that, had the tiring been extended, higher 
pressures would have been indicated in the course of the ordinary varia- 
tions in tbat respect, and the higher rather than the average pressures 
seem to be most important in this connection. 

The coefficient of energy was derived from a comparison of the energy 
due to the observed velocity in the three rounds selected, with the cal- 
culated energy derived from Messrs. Noble & Abel's work. 

1st. CiiHt iron Htrengthened with hnndn of cold hammered or cold-rolled 
steel, (See drawing No. 1.) 

The essential difference between the structure here x)ropo8ed and the 
banded cast-iron guns which have been brought into use, consists in 
the employment ef rings of steel which have been extended in diame- 
ter and changed in mechanical properties by cold-hammering or cold- 
rolling before being titted to the gun. 

By this treatment the elastic limit of strain is carried higher than by 
tempering, while the reuisfining extensibility is very much more con- 
siderable, arid the bands may safely be applied under greater tension. 

The rule for the tension of strengthening-bands is (supposing the ten- 
sion to be equal in all parts of their circumferences), that when the tube 
to which the band is applied shall be enlarged by internal pressure to 
the limit of its extensibility without rupture, the band shall be extended 
to the limit of the elasticity of its material. That this rule is not of 
easy application, with our present knowledge of metals and their vari- 
able qualities, is readily admitted. But a band of this description, hav- 
ing much remaining extensibility after parsing its elastic limit, will, un- 
der moderate overstrains, be able to assume a new and higher limit of 
elasticity, at the expense of its further extensibility, which may yet re- 
main sufiicient for the demand to be made upon it. It will ther<*fore be 
prudent to approach more nearly the best ascertained limits of initial 
strain in the application of the band than in the use of those which do 
not combine, in so great a degree, resistance and extensibility. 

In a series of tests recently made at the Washington navy-yard, at 
my suggestion and under my supervision, the following results were ob- 
tained in the treatment of a specinien of steel in a manner analogous 
to that proposed tor the bands. The steel employed had, when thor- 
oughly annealed, an elastic limit of strain equal to 40,774 pounds per 
square inch, and a i v^nsile strength of 71,530 pounds, with an extensi- 
bility, in a length of 2 inches and diameter of 0.5 inch, of 30 per cent. 
After cold-hammering, under blows acting upon only one pair of sur- 
faces, its elastic limit of strain became 78,940 pounds, its tensile strength 
86,580 pounds, with an extension of 14 per cent. 

The best mode of applying such bands is undoubtedly by forcing 
them to their places by pressure acting at right angles to their planes. 
The preference for this method over that of shrinking on, after the ap- 
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plication of heat, arises from the more unifonn distribution of strain 
in the different pans of their circumferences. From causes which need 
not here be particularized, the uniform cooling of a band contracting 
upou a mass of cold metal, is at least a matter of difficulty and uncer- 
tainty; and the part last to cool is subjected to the greatest strain, 
because the great friction of the band resists the equalization which 
would occur in its absence. In the mode ftrst mentioned no such dis- 
turbing cause arises ; and were the strains from any cause to be un- 
equally distributed, the process itself would tend to restore uniformity, 
upon the principle that the tendency of every movement is in the direc- 
tion of the resultant of tlie impelling forces. The contra<;tility of the 
band, if not uniformly strained, would lend its assistance in bringing 
points in its circumference too widely separated under excess of local 
strain to their proper distances. 

But the application of bands by the preferred method requires spec- 
ial and somewhat costly apparatus, which fact, together perhaps with 
a misapprehension of the advantages of the method, has led to the 
general adoption of ^^ shrinking on" in it-s place. The great advantage 
of extensibility beyond a high elastic limit, t«o meet the uneertainties 
of the process, is evident. 

The choice between the two suggested modes of preparing the bands, 
cold-hammering and cold-rolling, may perhaps be decided in favor of 
rolling, if questions of present convenience are left out of consideration, 
but it would be necessary to construct a plant to carry- it into effect, and 
at very considerable cost. 

There are several hammers in the country which could do the work 
well, with an inconsiderable outlay for special appliances. 

The bands should be hammered on a heavy mandrel passed throu^^h 
them and supported on each side. Each blow should cover the width 
of the band operated on, and the blows should succeed each other at 
short intervals of space while the ring is carried round under the ham- 
mer. 

The efficiency of the supi>ort rendered by bands applied to guns de- 
pends wholly upon circumstances not apparent upon mere inspection, 
and it is not surprising that differences of opinion, derived from ordinary 
observation, have prevailed upon the subject. 

The amount of support afforded by a band is proportionate to its 
contractile force at the moment of the highest strain upon the gun, 
irrespective of its diameter.* 

It may l)e worth while to see how much this force will amount to in 
several different cases. Let us first suppose the band to be of the same 
material and the same in all its qualities as the tube to which it is closely 
fitted, but without tension. It would be expanded by pressure within 
the tube precisely as if it formed a part of it. Nothing would be gained 
or lost as respects resistance by its being a separate piece of metal. 
But (varying the case) if the me|;al of the band possessed twice the 
elastic resistance to extension that was first supposed, its contractile 
force under the same extension and its support to the tube would be 
doubled. On the other hand, if its elastic resistailce were but half as 
great, its support would be but half as much. So, too (varying the case 
again), if a band of the material first supposed were capable of twice 
the elastic extension it would receive under strain in the first instance 
proposed, it would, if applied with praper initial tension, give twice the 

*Thi8 assertion is not at all in conflict with Professor Barlow's theory as announced 
by himself or as modified by the refinements of others. The only reason why the 
exterior portions of a homogeneous hollow cylinder ^ive so little resistance to interior 
pressure is that they are so little brought into tension. 
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support to be <leri ved from homogeneous metal. If the metal of a band 
had just twice the elastic resistance of the first with the same extensi- 
bility, »nd (like steel of high temper) its limit of elasticity and of ex- 
tensibility were the same, its greatest efficiency would be secured when 
ap])lied without initial tension. 

Such a ring applied with tension, even though its tension were kept 
well within the limits of its strength, would render support varying 
from nearly' its best to nothing at all, according to the degree of its ten- 
sion when applied. It is to be borne in mind that the tube is com- 
pressed by the action of a band encircling it under tension, and rendered 
incapable of taking any part- in resisting internal ])ressure until the 
force transmitted to the band has brought it relief by expanding the 
latter until its interior diameter is equal to that of the tube in its nor- 
mal unstrained condition. Both the tube and the band must arrive at 
their limits of resistance at the same time in order that their combined 
resistances may be the sum of the capabilities of both. In the ca«e last 
supposed the capability of the band is necessarily exhausted sooner 
thgu that of the tube, because it comes to rupture before the tube has 
reached its full expansion. If the band is applied with a tension very 
near its ]>oint of rupture a slight addition to the elastic expansive force 
of the tube (which equals, of course, the contractile force of the band) 
by internal ])ressure, will extend it to rupture, and that long before the 
tube has been sible to otier any resistance. The band begins to afford 
assistance only when the initial strain is lowered to the point which 
permits the tube to return to its original diameter before the rupture of 
the band. 

The examples proposed will, it is thought, be suggestive of the im- 
portance of the combination of high elastic resistance with a reserve of 
extensibility in a material for banding guns, enabling it to adjust itself 
in a considerable degree without injury to strains that would otherwise 
be fatal. 

For the principal particulars respecting the banded cast-iron gun 
reference is made to the accompanying table and drawing No. 1. 

In assigning so nearly one caliber (8J inches) as the thickness of the 
cast-iron walls, not only resistance to longitudinal strains has been 
considered, but also the effect of banding under heavy tension upon the 
metal. The effect of exterior compression by strains acting circumfer- 
entially is not only to reduce the diameter of a tube, but also to extend 
its length, in a way in some deirree analogous to the drawing of ordinary 
brass and copper tubing. Cast iron is not in any considerable degree a 
ductile metal, and should not be required to submit to much change of 
form. Further, at the conjunction of the banded with the uncompressed 
portions of the tube, strains occur which impair its resistance to longi- 
tudinal stress. But for the considerations mentioned, the thickness of 
the walls might be very much reduced. 

The body of the gun is slightly tapered, enlarging from the rear, in 
that portion which receives the bands. An average thickness of some- 
what less than 3 inches and width of 9 inches has been assigned to 
them. Thej^ are applied in but two layers. 

Reference has been had to simplicity of structure, and the limits of 
dimensions for steel rings of the desired character within the range of 
convenient and successiul manufacture. 

The Chambers, or, as it is more commonly called, the French system 
of fenneture, has been adopted as the best now known. The accompany- 
ing. drawing (Plate IX) represents the system as adapted to the IMnch 
converted rifle by the United States Navy. 
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To tbe 8<?revv are given a somewhat greater diameter aud lengtJi than 
woald be requisite in steel, in concession to the qualities of ca^t iron. 

No interior tube of st43el is proposed for the gun, not because it is sup- 
posed that it would not be thereby improved, but because it is consid- 
ered that the system, in the presence of superior ones where high qual- 
ities are requisite, should be contined to a simple and not too expensive 
development. 

The trunnions are ]>laced at the position of the center of gravity when 
the breech-screw is removed. 

The same adjustment is adopted with respect to all the guns i)ro- 
posed. 

2d. Cast iron Htrengthetied with wire of high tensile strength^ wound under 
tension and united with a solder of loir fusibility. (See drawing No. 2.) 

The form and dimensions of the gun proposed under this system are 
nearly those given to the banded cast iron gun, the principal difference 
being that the chamber is one inch larger in diameter, and lengthened 
enoagh to receive a charge of 100 pounds of powder with a density of 
loading of about O.s. The diameter of the cast iron body of the gnu is 
retaine<l, and it is parallel where it receives the wire. Although the 
pressure of the wound wire will perhaps be greater than that of the 
bands, it is believed that it will be distributed with greater uniformity, 
and that for that reason the cast-iron portion of the gun will not be 
more severely taxed. 

It is proposed to use hard-drawn wire 0.15 inch s<iuare (or a little 
larger), tinned before being wound. The wire may have a tvnsile 
strength of at least 150,000 pounds )>er square inch, and may be wound 
ander a tension of 50,000 pounds or more to the same area, the tension 
being regulated by a self-adjusting apparatus. 

For soldering, a temperature of only about 40(P b\ is required. The 
operation would be conveniently accon)plished by the use of a bath of 
solder applied in an upright tank of boiler-iron just large enough to re- 
ceive the gun, which, being temporarily closed at the breech, would be 
placed, muzzle upward, within it. The depth of the tanlc would need 
only to be sufficient to include the wound portion, which is wholly in 
the rear of the trunnions. 

The band carrying the trunnions would be screwed and shrunken on 
aiter the soldering, its tension being moderate, and in consequence serv- 
ing to ease the transition from the heavy strain of the wire upon the 
tube to the unconstrained condition of its forward portion. A lighter 
band forward of the trunnions will contribute to the same end. 

3d. A steel gun composed of a lining tube overlaid with longitudinal bars 
(or "staves") of cold-hammered steel and banded with cold-hammered rings 
of steel. (See drawing No. 3.) 

The lining tube may be of low steel, and thinner than usually em- 
ployed. Its immediate envelope is a series of "staves" of cold-ham- 
mered or cold-rolled steel, which are intended to resist the longitudinal 
strain. 

The best method of treating the metal of the "staves" at present 
available is, doubtless, by hammering in swages, cold, after annealing. 

The results of this treatment in the tests made at the Washington 
navy-yard, before mentioned, upon the same steel as that used in the 
tests of which the results have been given; were as follows : 

A specimen, the diameter of which was reduced by swaging from 2.05 
to 1.62 inches, had an elastic limit of 85,000 pounds per square inch, 
with a tensi le strength of 95,019 pounds and an elongation of 9.85 percent. 
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Another specimen, reduced in the same way from 2.05 inches diameter 
to a diameter of 1.52 inches, had an elastic fimit of 101,800 pounds per 
square inch and a tensile strength of 111,790 pounds, with an elongation 
of 8 per cent. 

The aggregate area of the cross-section of the "staves" exceeds that 
of the chamber by 50 per cent. Their length is about half that of the 
finished gun. Near their forward end and covering the position of the 
shot when the density of the products of powder combustion has become 
0.5, is attached by screwing and shrinking a band which receives the 
strain in recoil and communicates it to the trunnions by means of a tube 
or jacket or series of bands interposed between them. Tliis arrange- 
ment is considered preferable to a direct attachment to the cylinder of 
"staves" at the i)08ition of the trunnions, as permitting a better pro- 
vision for the greater strain upon the gun at that i)lace. 

The bands which furnish the resistance to tangential strains are put 
on in three layers as far forward as the trunnion-band ; thence, for a dis- 
tance of some feet, in two, and forward of that to the muzzle in a single 
layer. The width and thickness of the bands are such as to come within 
the requirements imposed by the means of producing them of the proper 
quality. 

Tlie considerable number employed may be supposed to distribute the 
strain of their contractile tendency more justly than would a small num- 
ber of heavy bands. They ought to be forced to their places by hydraulic 
or other direct pressure. 

The tension with which they are ai>plied should in each layer be near 
the eliistic limit, for the material has sufficient extensibility beyond that 
point to make it quite safe to allow it to make its own adjustment. 

4th. A steel gun having a lining tube of nteel overlaid with longitudinal 
bars of cold-hammered sterl^ and wound tcith steel icire applied under high 
tension^ subsequently united with solder of low fusibility, (See drawing 
No. 4.) ' 

The portions of the gun intended to meet longitudinal strains closely 
resemble the corresponding parts of the one last described. 

Wire is substituted for the bands in a manner that will be apparent 
upon inspection of the drawing. Two or three wires may be wound at 
a time as a matter of economy. For soldering, the gun may be inclosed 
in a close fitting case, resembling a boiler, and the operation conducted 
with the gun in a horizontal position. The union of the soldering metal 
affords a detrusive resistance of about 3,000 pounds per square inch of 
soldered surface (2,972 pounds in a recent «'.xperiment). A wire of the 
size ])ropo8ed to be used (0.15 inch square) would be attached strongly 
enough, if soldered on all sides for a length of 2 inches, to withstand a 
strain of more than 150,000 ]>ounds per square inch on the wire. It is 
unnecessary to provide any prote(;tion to the wound wires when thus 
united, and they may be turned with a light cut over the exterior, to 
give a finish. 

The wire should have a high elastic limit of strain with a safe exten- 
sibility beyond that limit. 

It is evident that in winding, the interior layers, if apfdied with the 
same tension as those succeeding them, will, as the process goes on, be- 
come more and more relieved of tensile strain (in consequence of the 
compression of the interior portions and reduction of their diameters) 
until, if the pro<:es8 is carried far enongh, they will be wholly freed from 
it. A still further <!ontinuance of the process would, of course, effect 
com])ression in the direction of the length of the wires. This, it is pre- 
sumed, would rarelv occur in practice. But to whatever extent the ef- 
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lect mentioned may be produced, when the gun is subjected to internal 
pressures the exterior wires will first be brought to a tension greater 
than that with which they were wound. Inasmuch, however, as the rate 
of extension in the different layers is nearly in inverse proportion to the 
squares of their distances from their centers, the interior layers soon 
reach an extension by which their tension is brought to overtake or sur- 
pass that of the exterior. 

In order, then, that the whole mass of wire should do its utmost in 
resistance, within the limit of its elasticity, the uniform strain on the 
wire in winding should be such that when the innermost lajer has ex- 
panded so far as to bring the tension upon it to its elastic limit, the ex- 
terior layer will have reached the same limit also. 

If the wire be wound under a tension equal to its limit of elasticity, 
and afterwards subjected to an internal strain which will restore the in- 
nermost layer to that tension, each layer outside of it will have been 
•extended beyond its original elastic limit, and have assumed a new one 
slightly higher. This may occur without any disadvantage if the ex- 
tensibility of the wire is what may easily be given to it^ in combination 
with a high elastic limit, reaching without doubt as far as 100,000 pounds 
per square inch. 

The drawing of this gun represents the tube as being composed of 
two pieces, «ot because two are preferred to one^ but to illustrate the fact 
that the system admits of the use of a divided tube if necessary. 

5th. A gun composed of a steel tube wrapped with steel wire and brazed 
<See drawing Xo. 5.) 

This system has been fully described in previous communications to 
the Ordnance Department. 

Its principal features may be given in a few words. 

The material of which the gun is principally composed is steel wire, 
■drawn square, with the corners slight y truncated. 

This is wound upon a steel tube, in successive layers. A sufficient 
number of wires are wound at once to form, when placed side by side, 
^ band about equal in width to the diameter of the bore of the gun, 
which gives them the proper obliquity. The tube is closely covered in 
this way, from end to end, and with layer .after layer, until the mass has 
reached the full size of the gun. 

The whole is then inclosed in an air tight case of boiler-iron, and, thus 
protected from oxidation, is heated to the melting-point of bronze, when 
liquid bronze is supplied in such a way as to interpenetrate the mass 
^nd unite it, when cooled, into one solid piece, to be afterward turned 
and finished to the proper form and dimensions. 

The ad>'antages of a proper distribution of initial strains are procured 
by cooling from the interior, in the manner practiced b}' the late Gen- 
eral Eodman, employing a current of air for that purpose. 

The 10 inch gun lately fired at Sandy Hook was made in accordance 
with a resolution of the Board of Ordnance officers convened in Sep- 
tember, 1873, "to recommend the place, manner, and details of the con- 
struction of the heavy guns selected by the Board instituted under the 
act of June 6, 1812," recommending — 

That a preliminary gun of smaller caliber be made on Dr. Woodbridge'H plans, for 
the pnrpooe of giving the necessary experience t.o the workmen to construct the 12-incIi 
^n determined upon. 

The course of construction, proof, cutting up and tests of the mate- 
rial of the gun have furnished much of the instruction it was designed 
to afford. 
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The iniportaDce of a sufficient heat in the process of soldering hek» 
been emphasized, and the results of a deficiency made manifest in its. 
various relations, while the sufficiency of the means of determining the 
heat, with proper adjustment, has also been shown. 

This passing tribute may, it is believed, be i>aid to the gun, that '* witb 
all its imperfections on its head," no other gun in this country, since tlie 
days when such (fabulous) pressures as 240,000 pounds per square inch 
were occasionally read, has sustained (whatever might have been) nearly 
an equal number of rounds, giving pressures of equal severity. 

It yet stands alone, also, so far as known to the writer, in showing- 
contraction in the region of the greatest strain after firing full chaiges^ 

Accepting, without remark in this place, the conclusions which have 
been drawn from the Watertown tests, we have a detrnsive resistance 
in the attachment of the tube to the surrounding wire of 19,418 pounds 
per square inch. This is sufficient in ten inches of the length of tlie 
tube to resist the thrust of a pressure of 100,000 pounds per square 
inch within the bore. 

The average strength of the specimens tested for longitudinal resist- 
ance, as given (though about half that indicated in other ex| eriments),. 
is over 19,000 pounds per square inch. This, neglecting the resistance 
due to the oblique winding of the wires, and leaving out the aid of the 
tube, gives a resistance, calculated on the area of the cross section of 
the gun, more than equal to the strain produced by an internal pressure 
of 200,000 pounds per square inch. 

I have also thought best to submit a drawing (No. 6) presenting the 
manner in which the steel tube now at Frankford Arsenal couhl be use<i 
in the construction of a 10-inch gun. To procure a length of 25 cali- 
bers, it would be necessary to add a ])iece to the tube, as represented in 
the drawing. It can hardly be considered a satisfactory model for a gun 
of high power — the diameter of the tube restricting within too narrow 
limits the diameter of the chamber. If the question of endurance of 
strains merely were the object of construction, it might well meet that 
demand. 

6th. A brazed sieelicire gun on the system last mentmned^ with theaddi- 
tion of reinforce of a harddratrn steel icire tconnd over the chamber. 

The accompanying drawing (No. 7) and the sentence above will suffi- 
ciently indicate the proposed construction. It is based upon the idea 
thsit after providing in the foundation structure for the longitudinal 
strength required in common with the tangential resistance, the latter 
may be further increased by the addition of a material of still higher 
strength as related to that kind of resistance. 

Though the ])ressure of gunpowder has its limits, it can hardly be 
doubted that in very large charges, such for instance as that proposed 
for the gun represented, 1,250 pounds, the locjal or wave ])ressures pro- 
duced by the surging of the large mass of gasses and fluid material gen- 
erated must be more violent than in smaller guns and call for greater 
strength to control them. 

This structure is proposed for guns of very large caliber. 

C03IPARISON OF SYSTEMS OF CONSTRUCTION. 

In examining briefly the relative merits of the modes of constru(^tion 
here proposed, we may begin with the strengthened cast-iron guns. 

Comparing either of them with guns of cast iron only, we find a re- 
sistance, in addition to. that of the cast-iron body, equal to the whole 
contractile ettbrt of the added bands or wire, exerted at the time whenr 
the gun has reached its limit of expansion, and which, upon any just 
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principles of estimation, will be found to have rendered the combined 
resistauce considerably more than doable that of the unaided cast irou^ 
even nnder the supposition that the cast iron is of the best quality, and 
that the effect of interior cooling has been to produce the best possible 
arrangement of initial strains. 

That but a small part of this added strength would be gained by 
increasing the diameter of the cast-iron gun to that of the bauds or 
winding, will hardly be questioned. 

In comparison with other banded guns (when the bands have been 
judiciously applied) the claim for superiority must rest on the superior 
merit of the material used for bands. 

At\ the added strength in either case depends upon the contractile 
force of the bands or wrapped wire at the moment when the body shall 
have reached its limit of extension, a comparison of elastic limits of 
strength and extension, and, as an element in the availability of the 
qualities mentioned, of extensibility beyond the elastic limit, must decide. 

Comparing the two systems of strengthened cast iron between them- 
selves, the wound gun, it is believi'd, must have the preference, both in 
strength and facility of construction. The material may be even supe- 
rior, and the mode of application will secure the most uniform i>ossible 
distribution cf pressure upon the surface of the body of tbe gun. This 
makes safe the application of greater compressive force, and conse- 
quently of higher tension and greater resistance in the envelop, per- 
mitting increased charges and the greater eflBciency of the piece. 

In considering the jmsitiou on the scale of merit of the steel-tubed 
guns in which longitudinal cold-swaged bars or ^* staves" are used a« 
the principal reliance for longitudinal strength, while bands or wires 
furnish the tangential resistance, it ma}" be well first to compare them 
between tliem selves. 

In a general waj'^, the question between bands and wire must be de- 
cided as in the former case. But in that portion of the gun which is 
forward of the band from which connection between the ''staves" and 
the trunnion-band is made, the bands may, especially in naval use, where 
it is expected that guns will be fought behind armor, but with their 
chases always protruding (and exposed in a greattT degree than in land 
service to being struck with missiles of mo<lerate but injurious size)^ 
have the advantage of being less liable to injury than wires soldered 
as proposed. Of course the systems may be combined in the way which 
suggests itself from what has just been said — the portions receiving the 
greatest strain being wire- wound, and the chase being banded, without 
any want of harmony. 

Taking, then, the wire- wound gun as the better representative of tbe 
two allien systems we are considering, we may com])are it, first, with 
the strengthened cast-iron guns lately mentioned. The relatively defi- 
cient strength of the cast-iron guns must be apparent. The body or 
tube upon which the bands are shrunken or wires are wound is not of 
a material which will bear without injury the constricting (or compress- 
ing) force which may be applied upon a steel interior, and upon that 
force tangential resistance principally depends. As relates to cont^ if 
the question be considered simply as to price per pound, or even as to 
guns of the same caliber, the cast-iron gun may have the i)reference. 
But this is not the rule of comparison. If a certain standard of energy 
within the capacity of the cast-iron guns be fixed (and other qualities^ 
such as mobility, economic use of powder, &c., be neglected), we come 
nearer a basis for an estimate of relative values, and one which may in 
some cases be justly employed ; but when the duty of a gun is placed 
beyond the point that the cast-iron guns can attain, there is no common 
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ground upon which a comparison can be constructed. That which can- 
not do what must be done, becomes valueless. 

We turn now to the various " built-up" guns so well known in Euro- 
pean practice. It is by no means intended to ignore the excellent work 
that has been accomplislied. But the recent pushing toward the use 
of wire (to speak t)f nothing else) seems a confession of much yet to be 
desired. As structures of this class seem now to be in advance, we 
may confine our comparison to them. In these guns there are two 
"organs'' (as they have been properly called) for resisting the expansive 
force of the fired gunpow-der, one for controlling the longitudinal effort, 
and the other resisting the lateral or tangential strain. 

The same dual arrangement is found in the gun proposed. The in- 
terior tube takes some part in the resistance to both the strains 'men- 
tioned, but the longitudinal effort of resistance is committed chiefly to 
the series of bare forming a tube of staves immediately surrounding 
the lining tube. By the treatment to which they are subjected, they 
acquire <i resist^ince within the elastic limit of strain which is quite 
unknown in tubes of one piece. Each component bar or stave is sus- 
ceptible of a reliable test before it enters into the structure, so that its 
size and the proper amount of work to be committed to it may be well 
determined. We hav^ also in these swaged staves a resistance to the 
constricting or crushing force of the wound wire far greater than steel 
in an ordinary gun-tube is capable of offering. A tension that would 
greatly reduce the diameter of the latter, with longitudinal extension, 
would be borne by the staves without permanent change of condition. 

As relates to the means of tangential resistance, the important feat- 
ure consists in the union of the wires by a solder of low fusibility. 
The temperature at which this soldering is done does not impair in the 
least their elasticity or strength. As a means of perfect fastening alone 
it seems complete. A very few inches of soldering attach the wire w^ith 
a stiength equal to its tenacity without any impairment of that quality 
to fit it for bending or other change of form. Soldering akso fixes it 
unchangeably in the position assigned to it in winding, avoiding the 
creeping tendency which must result from the inegularit.v of the strains 
brought upon the same continuous wires in the same layers in different 
parts of their lengths. The perfect tilling of the spaces between wires 
in different layers (which, without soldering, are in contact only upon 
very small surfaces) must contribute to the permanent maintenance of 
the original strains, which would otherwise be in some degree lessened 
by the compression of the wire under the action of firing at the small 
surfaces of contact. 

The sohlering of the wires makes it ordinarily unnecessary to rei^ort 
to exterior bands for its jirotection. The solder itself excludes water 
and atmospheric influences. The cutting of a wire or two in unsoldered 
masses releases the whole of the continuous wire, while the injury which 
should divide a number of the soldered wires would be only local. 

The gun of brazed steel wire presents greater simplicity of construc- 
tion than either of the structures previously mentioned. A lining-tube 
and a covering of brazed wire constitutes the whole. It may be treated 
as being completely a unit, and its dimensions may everywhere be made 
to conform to the interior strains (if known), so that no superfluous 
metal shall remain, and the vent may be inserted at the most advanta- 
geous point. By the process of interior cooling the whole mass of wire 
may be brought into high tension quite within the limit of its extensi- 
bility. 

The brazed-wire gun needs no duplication of '^organs" to enable it to 
meet the longitudinal strain. This is iisserted of a well-brazed gun ; the 
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qualifying words being suggested, and perhaps demanded, by the recent 
Iongitu<linal parting of the 10-inch wire gun at Sandy Hook. The oc- 
currence mentioned demonstrates that with the obliquity of winding 
employed in that gun, and with the imperfection (very great it must be 
called) existing in the brazing at the location of the. separation, the lon- 
gitudinal strength was insufficient to meet the heavy strains to which 
it was exposed. It seems also to be demonstrated that with quite im- 
perfect brazing the longitudinal strength was sufficient to resist the 
high pressure of 74,400 pounds to the square inch, in that part of the 
gun, too, in which the longitudinal strain is necessarily the greatest — 
that is, in the plane of the bottom of the bore. 

It is now perfectly evident, too, that the cause of imperfect brazing 
was the want of a sufficiently high temperature in the lower portion of 
the mass of wire. 

The application of the remedy is simple and has already been stated. 

The fact that a gun was not perfectly brazed when insufficiently 
heated, affords not the least j)resumption against its being perfectly 
brazed when sufficiently heated. 

The endurance of longitudinal strain by the small wire gun tested at 
Springfield Armory in 1865 perhaps deserves mention here. Though the 
internal pressures were not taken, a valuable comparison may be de- 
duced fiom the results. Of the 1,327 rounds there fired, 537 were with 
projectiles of 10.22 pounds weight each, the charge being one pound of 
small-grained powder. Taking the area of the section of the bore, in- 
cluding the grooves, to be 5.1 square inches, the mass of metal oppos- 
ing the action of the gases by its inertia would be, with sufficient ac- 
curacy, 2 pounds to each scjuare inch. The corresponding relation in 
the 10-inch gun with a 400-pound projectile is almost exactly 5 pounds 
to each sipiare inch. We will make the supimsitioh, for the present 
purpose, that the pressure of the powder will be increased in proportion 
to the weight of the projectile compared with a given area of pressure. 
We will also assume one caliber as not an unreasonable thickness for 
the gun. In the Springfield gun we had but half a caliber, the area of 
section in that case being as 3 to 8 in the gun of one caliber thickness. 

It results, then, that upon the assumption that the small gun was 
strained to its utmost resistance (which is more than we have any rea- 
son to suppose), and that the pressures in the 10-inch gun were two- 
and-a-half times those in the smaller gun (a supposition probably err- 
ing oil the side of excess), we still find the strength of the brazed gun 
in excess of the demand. 

The brazed-wire gun has manifested a tangential resistance by con- 
traction of the bore in the powder chamber and resistance to enlarge- 
ment under heavy pressures without a parallel, so far as known. 

Comparing the brazed-wire system with that in which the wires are 
united with a solder ot low fusibility, in respect of strength, no very 
decided superiority appears on either side. 

The greater tangential resistance for an equal area of section is deci- 
dedly witli hard-drawn wire; and if niatic resistance only is to be con- 
sidered, the system in which it is employed must probably be given the 
preference in respect to ultinjate capability. The necessity of employ- 
ing two elements or " organs" of resistance in the structure of a gun — 
meeting the longitudinal and tangential resistances separately — must, 
however, be considered undesirable.* Either system seems to be capa- 
ble of giving all the resistance required in dealing with gunpowder. 

» 

•The; suppoHitiou nuiintuined by some that the two kiods of resistauce exerte^ by 
a liollow cylinder — ttiiigeiitini and lonjritudiual — are antn^:oni8tic to each other, and 
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Id respect to coat and the time required for the fabrication of ^atis, 
after the establish tuent of the inaDufacture, the brazed-wire system 
must have the preference, though on the other hand the plant required 
for the gun united with solder of low fusibility would be less expensive. 

The union of thei brazed-wire system with the winding of hanl -drawn 
wire, as illustrate in drawing No. 7, is believed to carry resistance to 
the action of internal explosive forces as far as is possible in the present 
state of the arts. 

PROJECTILES. (See drawing No. 8.) 

The principal peculiarity of the projectiles proposed for rifled guns 
consists in the treatment to which the material is subjected. For use 
in guns of high power, no other material than steel is considered to be 
really suitable, especially for use against armor. 

It is important that projectiles for that purpose should have great 
resistance to deformation upon impact, for the reason that the work 
done in changing the form and molecular condition of the material on 
striking, is, at best, so much deducted from the energy of the projectile, 
while the projectile itself is often so change<l as to become unfitted for 
the service intended. 

The kind of sti^el considered most suitable is one which, with normal 
constitution, would have a tensile strength, when annealed, of 100,000 
pounds or a little more. It should first be forged hot, as usual, and 
then annealed, after which it should be '* upset" cold, by hammering or 
pressure. 

Both solid projectiles and shells may be subjected to this process with 
advantage. The rigidity of steel is so much increased by this treat- 
ment that hollow projectiles may safely be made much thinner, and 
therefore capable of receiving larger bursting charges; or, if shrapnel, 
a larger number of balls. 

The means of giving rotation consist in the application to the project- 
ile of an expanding sabot, represented in section in the accompanying 
drawing. Its action will be readily understood from inspection. It is 
force<l by the pressure of the gases developed from the charge of the gun 
into the grooves and against the rear surface of the projectile, maintain- 
ing its hold upon each by precisely similar action. The enlargement of 
the ring at its rear serves to determine the position of the projectile in 
the gun, and to give, in the first moment of pressure, a gas tight (con- 
tact with the walls of the chamber at its junction with the rided boi-e, 
which contact the valvular action of the sabot tends to maintain. Upon 

that there is therefore an advantage in employing separate pnrtionH of a gun to meet 
them iuriependently, cannot be considered to be well founded. 

In the series of experiments already mentioned as having been recently made at 
my suggestion at the Washington navy-yard, is the following: 

Two hollow cylindei-s from the same steel, thoroughly annealed at the same time, 
and in all respects receiving, in every st^ige of their production, identical treatment, 
were submitted to longitudinal strain, one being empty and the other subjected to an 
interior strain of known relation to the tensile stress. 

Each was 1".000 in diameter exteriorly, and was bored to an interior diameter of 
0".7r)0, giving a cross-section of 0.:)436 sqnare inch. The measuring-points for longi- 
tudinal extension were 5". 000 apart. 

The specimen without interior prt*ssnre was permanently elongated by a strain of 
1*2,000 pounds to the extent of O^.Of^O. The specimen with interior pressure was per- 
manently elongat4^d 0''.05I by a strain of 13,*200 pounds. 

With a strain of ir),000 pounds the specimen without interior pressure was perma- 
nently elongated 0'M06, while the specimen with interior pressure was elongated but 
0".Ott(> by a strain of 15,(500 pounds. 

The specimen without interior pressure broke with a strain of 2;J,505 pounds. The 
specimen with interior pressure (which at the time of breaking, amounted t(» 9.458 
)>ounds ]>er square inch), bore, before breaking, a strain of 25,091 pounds. 
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tlie perfection of this action freedom from "scoring" or " cbanneling'' 
of the bore, of course, depends. 

The similarity between this sabot and some others now in use and 
known by other names, makes it proper, the writer believes, that he 
should justify his claim to the invention by reference.to facts to be found 
in the records of the Ordnance Department. 

Reference is especially made to the record of firing with his rifled gun 
at Fort Monroe in the autumn of 1850. The library of the department 
contains a copy of his pamphlet relating to projectiles with expanding 
sabots, printed in 1852, and which has been in the possession of the de- 
partment since that time. 

The accompanying plate (So. X) is a photolithograph of a tracing of 
one of the plates in the pamphlet referred to, furnished to the writer by 
the department at his request. 



gUMMARY OF THR PRINCIPAL DIMKN8ION8, CHARGES, CALCULATED KNRRQIK8, AC, OV 

THE PROPOSED QDN8. 

lO'itivh ct^t'iron gun, handed, 25 calibers; hands cold-hammered. (Plate I.) 

Caliber incheH.. 10 

Wetg^bt of projectile pouuds.. 400 

Weight of powder char^^e do 80 

Length of bore calibers. . 25 

= iQcheti.. 250 

Length of gnn inches. . 270 

Greatest diameter ' do 40 

"Weight of gun pounds. . 52, 000 

Maximum diameter of powder chamber inches. . 10. 5 

Length of powder chamber do.. 36 

Capacity or chamber cubic inches.. 2,960 

Density of loading 0. 75 

Maximum powder pressure (estimated) pounds.. 30,552 

Muzzle velocity feet per second .. 1, 520 

Muzzle energy foot-pounds. . 14, 850, 310 

Muzzle energy foot-t^ns. . 6, 460. 39 

Penetration m iron (by Colonel Maitland's formula) inches. . 17. 23 

Estimated cost $12,000 

Outlay for special tools I $500 

10-titc^ vast-iron gun, \cire tcound, 25 calibers; wire soldered, (Plate II.), 

Caliber inches.. 10 

Weight of projectile pounds. . 400 

Weight of powder charge do 100 

Length of bore calibers.. 25 

=luches.. 250 

Length of gun inches.. 270 

Greatest diameter .do.. 40 

Weight of gun pounds.. 52,000 

Maximum diameter of powder chamber inches. . 11. 5 

Length of powder chamber do 40 

Capacity of chamber cubic inches. . 3, 465 

Density of loading 0.8 

Maximum powder pressure (estimated) pounds.. 34,578 

Muzzle velocity feet per second.. 1,652 

Muzzle energy foot-pounds . . 16, 959, 626 

Muzzle energy foot-tons. . 7, 571. 26 

Penetration in iron (by Colonel Maitland's formula) inches. . 20. 36 

Estimated cost $8,500 

Outlay for special tools |750 

12-iiicA steel gun, longitudinal bars, banded, 30 calibers ; bars and bands cold-hammered. 

(Plate in.) 

Caliber inches.. 12 

Weight of projectile pounds . . 800 

Weight of powder charge do 400 
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Length of bore calibers.. 30 

=iiiche8.. :i60 

Length of gun inches.. '.i^ 

Great-est (liaineter do 44 

Weight of gun pounds.. 107,000 

Maximum diameter of powder chamber inches . . 14. g 

Length of powder chamber do 86 

Capacity of chamber cubic inches . . 13, 200 

Density of loading 0. 80 

Maximum powder pressure (estimated) pounds . . 39, 105 

Muzzln velocity •. . feet per second. . 2, 075 

Muzzle energy foot-pcmnds. . 53, 4U6, 909 

Muzzle energy foot-tons. . 23, 842. 37 

Penetration in iron (by Colonel Maitlaud's formula) inches. . 44. 54 

Estimated cost $45,000 

Special tools or ^< plant" $2,000 

\2-inch steel ffun^ longitudinal harsj wire tc&utid, 30 calibers; mre soldered, (Plate IV. 

Caliber inches. . 12 

Weight of projectile pounds.. 800 

Weight of powder charge do 400 

Length of bore I calibers . . 30 

=inche8 . . liGO 

Length of gun inches . . 384 

Greatest diameter do 48 

Weight of gun pounds.. 108,000 

Maximum diameter of powder chamber ..inches.. 14.6 

Length of powder chamber do 80 

Capacity of chamber cubic inches.. 13,200 

Density' of loading 0. '55 

Maximum powder pressure (estimated) pounds . . 39, 105 • 

Muzzle velocity feet per second.. 2,073 

Muzzle energy' foot-pounds. . 53, 406, 909 

Muzzle energy foot-tons.. 23,842.37 

Penetration in iron (by Colonel Maitland's formula) inches . . 44. 54 

Estimated cost 1 $:}3.000 

Special "plant" $3,OOo 

Vii-inch brazed steel-wire gun, 30 calibers. (Plate V. ) 

Caliber inches.. 12 

Weight of projectile pounds. 800 

Weight of powder charge do 400 

Length of bore calibers. . - 30 

=inche8.. 360 

Length of gun inches. . 384 

Greatest diameter do 48 

Weight of gun pounds.. 105,000 

Maximum diameter of powder chamber inches . . 14. 6 

Length of powder chamber do 80 

Capacity of chamber cubic inches.. 13,200 

Density of loading 0.85 

Maximum powder pressure (estimated) pounds . - 39, 105 

Muzzle velocity feet per second . . 2, 073 

Muzzle energy foot-pounds.. 53,406,906 

Muzzle energy foot-tons.. 23,842.37 

Penetration in iron (by Colonel Maitland's formula) inches . . 44. 54 

Estimated cost $37, 500 

Addition to " plant " 7, 000 

Proposed lO-iwc/t brazed gun, with Frankford Arsenal tube. (Plate VI.) 

Caliber inches . . 10 

Weight of projectile pounds. . 400 

Weight of powder charge do 150 

Length of bore calibers.. 25 

=inche8.. 250 

Length of gun inches . . 270 

(ireatest diameter do 40 
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Weight of gun ponuds.. 48,500 

Maxininm diameter of powder chamber inches. . 11. 1 

Length of powder chamber do 52 

Capacity of chamber cubic inches. . 4, 891. 6 

Density of loading 0.85 

Maximum powder pressure (estimated) pounds.. 39,105 

Muzzle velocity - feet per second . . 1 , 907 

Muzzle energy fuot-pouuds. . 22, 582, 110 

Muzzle energy foot-tons . . 10, 082. 29 

Penetration in iron (by Colonel Maitland's formula) inches. . 27. 12 

Estimated cost (using tube at Frankford Arsenal) $16, 500 

Estimated cost, employing longitudinal bars f 18, 500 

Alteration of plant $1,500 

Estimated coit of 10-inch 30-caliber gun for charge equal to one-half the 

weight of the projectile $20,500 

Alteration to ** plant" :.. $5,000 

18-i«cA brazed steel-wire ffun, reinforced wire^ soldered. (Plate VII.) 

Caliber inches.. 18 

Weight of projectile pounds. . 2, 500 

Weight of powder charge do i, 250 

Length of bore calibers . . 30 

=inche8.. 540 

Length of gun inches . . 576 

Great<e8t diameter do 78 

Weightofgun pounds.. 384,000 

Maximum diameter of powder chamber inches . . 21. 9 

Length of powder chamber do 120 

Capacity of chamber cubic inches. . 44, 550 

Density of loading 0. 85 

Maximum powder pressure (estimated) pounds . . 39, 105-1- ? 

Muzzle velocity feet per second . . 2, 073 

Muzzle energy foot-pounds . . 166, 896, 598 

Muzzle energy foot-tons.. 74,507.41 

Penetration in iron (by Colonel Maitland's formula) inches. . 61. 86 

Estimated cost $120,000 

Addition to** plant'' $75,000 



BECOMMENDATIONS OP THE BOARD ON HEAVY ORDNANCE AND PRO- 
JECTILES RESPECTING THE PLANS OF CONSTRUCTION PRESENTED 
BY W. E. AVOODBRIDGE. 

Dr. W. E. Woodbridge's plan of a wire wound cast-iron gun, wire 
soldered (Plate II), and Plans M and H, submitted by the Chief of 
Ordnance : 

The Board is of the opinion that the combined cast-irou aud steel Kuns represented • 
in the plans submitted by the (Uiief of Ordnance with his letters ot January 17 and 
April 29, 18S2, marked M and H, and in the plan submitted by Dr. W. E. Wood- 
bridge with his letter of March 29, 18H2, modified by letter of May 3, 1882, and marked 
Plate II, should be constructed and tried, for the following reasons : 

1st. Experience thus far gained with similar guns promises for the combination suc- 
cess within usual limits of powder pressure. 

2d. They can be readily and rapidly produced in this country without incurring the 
delay of sending to foreign countries for large masses of forged steel. The great 
weight of the foregoing guns recommended for test is, however, objectionable, and 
this Board would prefer such combinations of materials possessing the highest ten- 
sile strength as will produce, with less weight, a gun capable of giving the high 
velocities now sought for. But while this latter class of guns is being developed 
through a series of careful and costly experiments, some cheaper gun, though of less 
power, susceptible of rapid production, in case of need, should be dett^rmiued upon, 
so that the country may not be left entirely defenseless. 
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The estimated cost of the construction and test of these guns is: 

For coustruction : 

Of guD represented by Plate II $11, 100 00 

Ofgnn represented by Plan M 37,2H9 00 

Of gun represented by Plan H, including f6,000 for preparation 41, 170 00 

Total 89,559 00 

For test : 

Of gun repre8ente4 by Plate II: 

Powder, per round 

Projectile 

Labor, &;c., during test, per round 

Total, i)er round 

Of gun represented by plan M : 

Powder, per round 

Projectile 

Labor, &c., during test, per round 



t 



Total, per round 



125 50 
39 00 
13 10 


77 60 


176 00 
72 25 
15 75 


164 00 


$70 89 
72 25 
15 75 



Of gun represented by Plan H : 

Powder, per round 

Projectile 

Labor, &,c., during test, per round! 

Total, per round 159 89 

Dr. W. E. Woodbridge's brazed steel-wire gun, Plate VI: 

A gun of lO-incb caliber, after the desigu of Dr. W. E. Woodbridge, was recom- 
mended for coustruction by the Board on Heavy Rifled Ordnance, convened by Gren- 
eral Orders No. 57, of June 28, 1872. This device involved a steel tube to be bound 
around by steel wire under the requisite tension, and to be united by brazing with 
bronze. The gun was constructed at Frankford Arsenal aud submitted to a trial of 
93 rounds, 83 of which were tired nnder the direction of this Board. It burst^ into 
two parts, just behind the trunnions, under a powder pressure of about 80,000 pounds 
to the square inch, as measured by the Rodman gauge. An examination and tests, at 
the Watertown Arsenal, of sections cut from the broken gun revealed the fact that 
the brazing was imperfect. Several difficulties occurred in the construction of this 
piece from the lack of experience in applying the brazing system tx) so large a mass; 
and, farther, it seems probable that undue initial strains were developed on the ex- 
terior in cooling which assisted largely in producing the transverse rupture. Could 
the brazing have been moderately well etiec ted, atid the interior aud exterior coolings 
properly regulated, it is believed that tbe gun would have been exceptionally strong. 
It is a merit of this method of construction that the material is not liable to give way, 
causing rupture, without previous indications. The transverse crack benind the 
trunnions, where the rupture took place, increased during the tiling by increments so 
minute that, from the 65th to the 85th round, that increase amounted to only t^tt of 
an inch. There could, therefore, be little if any apprehension that guns made after 
Dr. Woodbridge's system would burst without previous warning, though imperfectly 
constructed. 

In view of the fact that the gun tried stood quite severe tests, notwithstanding its 
imperfections, aud that the plant used iu its construction still exist^i at Frankford 
Arseual, it is recommended that another lO-inch gun, after the model presented by 
Dr. Woodbridge (Plate VI, accompanying his letter of March 29, 188-i), be made for 
further trial. It is suggested that the method of strengthening the walls of the gun 
as against longitudinal strains, shown on his drawing for a liMnch gun (Plate IV), 
be adopted iu the construction proposed. 

Not unanimous. 
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The estimated cost of the construction and t^st of this gun is — 

For construciionf inoluding alteration to ** plant '' $25, 500 00 

For test : 

Powder, per round $51 00 

Projectile 39 00 

Labor, &c., dnriug t«8t, per round 13 10 

• 

Total, per round 103 10 

Dr. W. E. Woodbrid^e's steel gun, longitudinal bars, wire-wound 
wire-soldered (Plate IV): 

It is tLe opinion of the Board that the plan of a 12-inch gun submitted by Dr. W. 
E. Woodbricige, P]at« IV, accompanying his letter of March 29, 1882, consisting of 
steel tnbes and bars strengthened by wire wrapped and soldered, presents a combina- 
tion and arrangement of material and parts which gives sufficient promise of strength 
to warrant a trial of this system of construction. The large charge of powder and 
heavy shot proposed to be used places it in tlie front rank of high-power guns, and 
while there may be some doubt as to its ability to endure what is claimed for it, 
especially with the present arrangement of the two tnbes, it is believed that a high- 
power gun can be made on this general plan, and it is with this view that the Board 
recommends that a 10-inch gun on this plan be made and submitted to actual test. 

(For action, see page 74, proceedings of the Board.) 

The estimated cost of the construction and test of this gun is — 

IJor eonstructioHf including special "plant" '. )25, 000 00 

• — ^^^^— ^— 

Fortes^: 

Powder, per round |51 00 

Projectile 39 00 

Labor, Jkc, during test, per round 13 10 

Total, per round 103 10 

Dr. W. E. Woodbridge's plan for gun construction: 

The plan of an 18-inch brazed steel-wire gun reinforced with wire soldered, sub- 
mitted by W. E. Woodbridge, marked Plate v II, was laid aside, being of too large a 
caliber to warrant a recommendation for its actual test, since experiments to test the 
efficiency of the wire system are but just commenced with guns of 6-inch, 8-inch, and 
10- inch calibers. 

The following designs for guns are not recommended for actual test, 
as the Board has preferred others of the same class for that purpose: 



Design for— Submitted by— 



For action, see 
page of pro- 
ceMlings Ko. — 



70 

70, 71. and 74 

70 



Qnn constroction. Designs A, D, E, F, G, H, I, J, K, L, Bj, William P. Hunt j 70, 71, and 75 

Fa, If, M, N,0, andP 

Wire-wrappeii casUron rifle ' Col. T. T. S. Laidlej 

Cast-iron gan bande<l and steel gun. Plates I, TIT, and Y. Dr. W. £. Woodbridge . . 
Gun construction. Plates Ai, Ax, As, Bi, Bs, Ci, , Cv, Ei, E,, Chief of Ordnance 

Fi, Ft, G, and K, Di. and D>. 

Gnn construction. Plates 1. 2, a, 4, and 5 ' A. H. Emery 

Wlrogun Lt. C.C. Morrison 

Steel gun, on Schultz's plan ' Col. S. Crispin 

Steel gun I I«. W. Broaawell 

Heavy ordnance ' D. G. Smith 



71 
75 
75 
37 
31 



W. E. Woodbridge's rifle projectile: 

The rifle projectile proposed by Dr. W. E. Woodbridge, shown in Plate VIII, accom- 
panying his letter of March 29, 18H'<Jy is recommended as worthy of actnal test in com- 
petition with other projectiles. 

S. Rep. 909 2 
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STATEMEin? OF WM. WHEELER HUBBELL. 

Mr. HuBBELL. Your inquiry is as to "heavy onlnance and projec- 
tiles." I wish to state a few principles involved in that matter so that 
we may be able to cover the whole ground. 

When I commenced the invention of projectiles for heavy ordnance, 
which was in 1840 and 1842, the largest guns were eight-inch. They 
were called heavy. Captain Stockton undertook to make a twelve-inch 
smooth-bore gun. I invented the explosive shells for shell guns, which 
were then considered large. I made the invention of the shells and 
fuses with which the whole Navy of the United States has been anned 
since 1855, automatic explosive shells. The effect of these shells has 
been to revolutionize and bring about the necessity for the system which 
is now called " heavy ordnance." Of course " heavy" is a relative term. 
Heavy ordnance at the present day would necessarily involve the use, 
as I will exphun, of both rifled guns and smooth-bore guns of larger 
size than those which were used at the time I mention, which were theu 
eight-inch. "Heavy" now would be ten, twelve, or lifreen-inch guns. 

The effect which my inventions gave to explosive shells drove Ibreiga 
governments to the necessity of building ironclads. The first experi- 
ments in relation to building iron -clads and the use of heavy guns were 
made at the time that I made my experiments at Sandy Hook, by 
Kobert L. Stevens. I remember well that Air. Stevens constructed a tar- 
get there 3J iuches thick, I think it was, of several series of iron i)lates, 
and that showed that iron resisted what were then called heavy guns. 
Commodore Stockton came there with his 12-inch wrought-irou guu 
made in England and he drove a 12-inch shot through that target of 
Stevens's. He attempted to make a 12-inch wrought iron gun at the 
West Point foundry. They made it of pieces of metal welded together, 
and that ex])eriment proved that it was impracticable to weld pieces 
of metal together so as to establish a uniform strength, and the guu in 
several trials burst on the Princeton, so that all idea of making heavy 
guns by welding pieces of metal together exploded with that explosion. 

The lirst gun which Commodore Stockton made, however, had a barrel 
which was not quite thick enough ; it was made in England, but so tough 
was tiie metal, and so well was it welded together, that although it did 
not burst, it began to crack at Sandy Hook, under these charges, firing 
at this wrought-iron target which Kobert L. Stevens had built, and 
other experiments which Commodore Stockton conducted there. That 
was taken to the West Point foundry and banded ; it had a band put 
upon it, and it was afterwards fired a little and laid aside as having 
reached its limit, and for many years it was in the Philadelphia ravy- 
yard It was called the Oregon. That gun, as well as the o^ier, 
proved, however, the impracticability of making these large guns of 
wrought metal welded together, an<l the object has been since that, and 
since iMigland has commenced the construction of ironclads, and also 
to (jonstruct heavy guns, to find out some way in which a gun either 
cast or otherwise can be put together without being welcle<l in mass, 
an<l which will give sufiicient strength to resist the strain that is neces- 
sary. 

1 his conflict between the power of resistance and the power of guns 
has been going on fiom that time to this, and we have reached a point 
where it has been shown that the aggressive power of the gun is su- 
perior, that man cannot build a ship or a target so strong that will 
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float and be oavigable on the ocean, bat what a gun of some kind can 
be made that will penetrate that armor at some distance ; the shorter 
the distance^ the greater the penetration, of coarse, because the higher 
the velocit3^ 

But the qnestion comes in as to the endurance of the gun. These 
gnns all diminish in strength as the firing continues. The vibrations 
seem to bring about a tendency of all metal to rupture. Another point 
is — which comes under the law of force aud resistance and the destruc- 
tive effect to be derived from projectiles — that the greater the volume 
or mass of a projectile, the greater will bo its destructive power; the 
higher its velocity, the greater will be its destructive power; but in or- 
der to increase the velocity without diminishing the mass of the metal 
you have got to increase the power of the gun — that is, the strength of 
the guxx together with its size. That, then, is what we are now properly 
aiming at in this matter. The theory that some persons have advanced 
of diminishing the mass of the projectile and increasing its velocity will 
never answer. You might as well try to fight a battle by shooting tal- 
low candles, because you can shoot a tallow candle through an inch 
board. You may increase the velocity of a projectile by diminishing 
its weight, but just as you diminish its weight you diminish its destruc- 
tive power. You may increase the penetration of a projectile by mak- 
ing it pointed without increasing its mass. Just as you iu<'.rease that 
pointed shape you may increaseits penetrative x>ower; but that does 
not materially increase its destructive power, because you do not in- 
crease its mass. 

What we must understand, therefore, in this age of progress in science 
upon this subject, by "heavy ordnance and projectiles,'' must mean 
projectiles which have great mass, guns which have great strength, ca- 
pable of carrying great charges and throwing a projectile with very 
high initial velocity. That is what we have to come to; otherwise we 
shall fail entirely in a contest with iron-clads so far as guns are con- 
cerned for penetrative power or effect of that kind. 

There is another principle involved in this matter which I know 
about, and which some ordnance officers know about, and that is this: 
• We have heretofore principally fought our battles with smooth-bore 
guns. In the last war, rifled guns and rifled.projectiles came into use. I 
invented the automatic percussion fuse for rifed projectiles, which made 
the shells very effective, and some improvements in the shot which 
adapted them to small rifled guns, in which they were largely used. 

In considering this subject, where we have to contend with foreign 
vessels, and it may be with foreign ports, we have got to look upon it 
in a different light entirely from the mere use which has been made of 
rifled guns in the field, because field service and the uses to which a 
^-ojectile is applied in field service, and the conditions under which 
l^is fired are entirely different from what is intended, as I understand 
to be meant by heavy guns and heavy projectiles in this examination. 

You mean here by heavy guns and heavy projectiles, heavy ordnance, 
adapted to fortifications and adapted to vessels of war for sea service. 
That is what it must be taken to mean, and not simply rifled artillery 
for field service. 

For sea service, in considering heavy ordnance, therefore, we have 
got to consider smooth-bore heavy ordnance, as well as rifled guns, 
because it will not answer to arm a sea-going vessel entirely with rifled 
guns, for this reason : The only projectile that will move with accuracy 
on a ricochet fire on the ocean is a spherical projectile. A rifled pro- 
jectile will not ricochet with accuracy on the ocean, for the reason &iat 
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being elongated and striking the waves \^ith one side it will be de- 
flected oflF. It will not move with accuracy like a smooth-bore spheri- 
cal projectile. Therefore, we have got to have heavy ordnance, both 
smooth-bore and for rifle service, so that we may fire both spherical 
projectiles and elongated projectiles. 

In the contest between the Eearsarge and the Alabama, the Kearsarge 
with her large 11-iuch shell guns fired sphencal shells and fuses of my 
invention. She took care to lay off about nine hundred or a thousand 
yards from the Alabama, and to fire her shells with a ricochet fire; 
that is, to let them strike the ocean and bound, so that they would not 
pass over the Alabama. Being spherical, they would keep the true 
line of fire and plunge right into the Alabama and explode in her. 
They never failed to take effect. Whenever they struck her they ex- 
ploded. We have got to keep up that system, both for fortifications and 
for the 'Nikvy — that is, smooth-bore guns. 

A smooth-bore gun need not be as strong as a rifled gun. Therefore, 
it does not follow that they must be constructed in the same manner. 
We may have two plans for the construction of this ordnance; one for 
smooth-bore, because the projectile being lighter will not require a so 
extraordinarily strong gun — will not require so heavy a charge;, but 
when we come to rifled guns we must have an entirely different con- 
struction to stand a very high charge with a projectile of extraordinary 
weight. Therefore the subject divides itself there into perhaps two 
branches. 

All I have to say in regard to the subject of projectiles is, that pretty 
much all that can be done in projectiles has been alrecody invented. 
There is a patent, which I will lay before the committee, which has ex- 
pired; it was granted in 1860, which embodies all the essential princi- 
ples of the shell and shot for rifled guns, the mode of constructing it 
in every way, and there is a model in my hand embodying the same for 
the large projectile for the same kind of service. There is no further 
invention open to be made in projectiles. I can show the committee 
that, and I will file this patent. 

But the point is the gun. There are two ways of making these guns, 
and only two ways. One is to cast the gun of solid steel, all in one 
piece. Experiments have been made with some improvements which 
my brother and myself made in that direction ; and the specimens of 
steel tested at the navy-yard when I proposed to go into this matter, 
some six or seven years ago, stood 60,939 pounds tensile strength, just 
of cast metal, solid steel, which was double the strength ever before 
attained in cast metal of steel. We think we can make a 12-inch solid 
gun of steel, cast upon that principle, which will uertainly be strong 
enough for all smooth-bore guns, and will be strong enough for a very 
high degree of use and a great many charges of rifled guns. 

The Chairman. Do you mean in casting a steel gun to cast a gun 
with attachments in separate pieces, or do you mean to take a block of 
steel and make a gun of it f 

Mr. HuBBELL. I mean to cast it right from the molten metal — ^to cast 
the gun of steel. We have discovered how to make steel in a molten 
condition by processes which I proposed to the naval committee some 
six or seven years ago. I could not get anything done with the matter, 
though I had samples. There was no disposition to go into the subject 
of solid guns, it seemed. It is, just to cast the gun, having suitable 
furnaces with receivers sufficiently large and numerous, the receivers to 
have sufficient molten metal to cast the gun solid of steel. 

Senator Bollins. How large a gun can you cast in that way ? 
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Mr. HuBBELL. We can capSt a 12-iQch rifle*guii. I do not think there 
is any reasonable limit to the amount of weighty because we can multiply 
the fdmaces, and multiply the receivers in a segment of a circle around 
the mold to contain any amonnt of metal that is needed j say^ 100 tons 
of metal to cast a 60- ton gun. 

The Chairman. You have been examining this subject, and have 
made some calculation as to the cost. What would be the cost of a 12- 
inch steel gun cast in the way you speak off 

Mr. HuBBELL. Finished! 

The Chairman. Yes, sir : ready for mounting or for testing f 

Mr. HuBBELL. That would depend upon the number of guns. The 
expense would be in the preparation. 

The Chairman. But I am taking for granted that the plant is already 
secured. Suppose the government had the plant, or an individual had 
the plant ready to do the work, what then would be the cost of the gun f 

Mr. HUBBELL. We could cast the gun alone for 10 cents a pound, per- 
haps less. It depends upon prices and the localities. We could then 
finish up the gun for about as much more, I suppose. That depends 
upon prices, which vary sometimes. It would be as cheap a gun as you 
could make. I think you could make a finished gun for 20 cents apound. 
A gun weighs from 50 to 60 tons ; it depends upon the size. Many are 
over 100,000 pounds. 

The Chairman. I ask as to a 12inch gun. 

Mr. HuBBELL. If you want a gun of great power, a 12- inch rifled gun 
ought to weigh 50 tons, and tUat would be 100,000 pounds finished. 
Multiply that by 20 cents and the result is $20,000. It might cost less. 

The Chairman. Do you believe that a 12-iuch gun made of steel can 
be made for $20,000 f I am only asking your opinion. 

Mr. HuBBELL. On this plan it can ; I do not speak of any other plan 
of steel guns. I think it could be made for that on this plan of casting 
it from molten metal. 

The Chairman. If you are through with the theory of the thing, I 
should like to ask you to give your views to the committee in reference 
to cast iron, in reference to wrought iron, and in reference to steel in 
making guns of these three metals. 

Mr. UuBBELL. My opinion, is that cast iron will not answer at all for 
heavy guns. It is all nonsense to undertake that for heavy rifled 
cannon. 

The Chairman. Give us the reason. 

Mr. Hubbei:l. The reason is that the iron is not sufficiently strong, 
ibiother reason is that it is not capable of enduring the constantly re- 
peated firing for so large and expensive a gun. They are not suffi- 
ciently strong, in the first place. We have made them on an average 
about thirty or thirty-one or thirty-two thousand pounds tensile 
strength. That will stand very well for a smooth-bore projectile, that 
is a round projectile, because we cannot get over a certain weight in a 
round projectile. As you increase the weight of the projectile you in- 
crease the resistance, and as you increase the resistance 3^ou increase 
the strain on the gun in firing ; and, therefore, a cast-iron gun becomes 
weaker, relatively, as you increase the weight of the projectile. For 
that reason a cast-iron gun with an elongated projectile, wlifch is neces- 
sary for a rifled bore, and which, consequently, greatly increases the 
weight and greatly increases the strain on the gun, becomes too weak 
and will not answer. By "cast iron^ I mean the ordinary cast-iron 
gun metal now used of about 30,000 pounds tensile strength. 
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The Ghairhan. What would you say to a cast-iron 12-mch gan or 
8-inch gun firing one hundred shots of heavy projectiles t 

Mr. HiTBBELL. You could not fire one hundred shots with safety. 
You could not fire ten shots with absolute safety. It would not be 
sufficiently strong in the first place to use high charges of powder. 

The Chairman. What would you sisi.y about wrought iron f 

Mr. HuBBELL. The experiments that have been made with wrought 
iron show that yon cannot weld it uniformly, and furthermore it will 
be impossible to weld in one body — ^that has been sufficiently demon- 
strated — sufficient metal to make a 12- inch gun. The gun that exploded 
on the Princeton was an effort to do that, but it utterly failed. 

The Chairman. You think, then, steel is the only thing a 12-inch gun 
can be made out off 

Mr. HuBBELL. Steel is the only thing you can make a 12-inch gun 
out of to stiind. 

The Chairman. What do you say to an S-inch gun or a 9-inch gun, 
of either cast or wrought iron f 

Mr. HuBBELL. It will not answer. It is not sufficiently strong, and 
not sufficiently certain. Where you have such a very heavy gun and 
men about that gun whose lives are dependent upon it, there must be 
no uncertainty about the strength of that gun. A man cannot feel 
brave and fight bravely when he is alongside of a gun which he appre- 
hends may burst at any moment, and the damage that might result 
would be enormous. It will not answer. 

The Chairman. I ask you this because during our late war I believe 
we used almost entirely cast-iron guns. 

Mr. HuBBELL. You used what was called the Parrott gun, which 
was a cast-iron body with a wrought-iron band shrunk at the breech ; 
you used, however, the very small size for field service. 

The Chairman. I am talking about fortifications and ships, not about 
field service. 

Mr. HuBBELL. They were not used on ships successfully at all. They 
failed. When Commodore Porter undertook to use those guns at Fort 
Fisher the guns burst. 

The Chairman. What guns do you speak of} 

Mr. HuBBELL. The cast-iron rified gun which was banded. That was 
the Parrott gun. 

The Chairman. I am not talking about the Parrott gun. I am 
talking about a cast-iron gun and a wrought iron gun. 

Mr. HuBBEiiL. There were no cast-iron rified guns used in the Kavy 
except Dahlgren's pattern, rifled, and the^' burst and failed. # 

The Chairman. I know that } that, for instance,, the Dahlgren gun 
was mostly used in the latter part of the war. 

Mr. HuBBELL. That was a cast iron shell gun, the same that my 
projectiles were used in. That was a spherical shell and smooth bore 
shell gun. 

The Chairman. That was a 9-inch gunt 

Mr. HuBBELL. A 9-inch gun, for shooting spherical shells chiefly. 

The Chairman. Was it not the same character of gun that was used 
by the Kearsarge t 

Mr. HuBBELL. The Kearsarge used two 11-inch Dahlgren guns — 
shell guns. 

The Chairman. They used spherical shot. 

Mr.HuBBELL. They were spherical shell guns. They used my 11-inch 
shells, and you will recollect that a shell compared with a solid shot is 
light ; thejr will fire solid shot, but not with high charges, nor very 
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great effect comparatively. Those ll-inch guns used my shells to sink 
the Alabama. 

The Chairman. I know ; but we may be called on in an emergency 
to use guns, and we cannot make them all of one kind, and what 1 want 
to get at is as to the best character of gun now between the wrought- 
irou and cast-iron gun. You say that steel is the only thing you would 
make a 12-inch rifled gun of; but suppose you have got to use part 
rifled and part smooth-bore guns, and you wanted to use a large-sized 

Mr. HxTBBELL. Then you would have to use spherical projectiles 
with a smooth-bore gun, and rely chiefly upon the explosive shells with 
fuses of my invention, now constituting the armament of the Kavy and 
fortifications. 

The Chairman. I am asking only as to the strength of the gun. 
What do you say of it f Would it be a useful gun— one that could be 
used safely 1 

Mr. HuBBELL. We have such guns already. We have the 15-inch 
smooth-bore guns firing 15-inch shells, and they can fire a few 15-inch 
solid shot. We have the 11-inch Dahlgren gun. We have on the forti- 
fications the 10-inch columbiad guns, which are very much the same in 
princinje for firing my shells and solid shot. Those guns do very well 
againsT wooden ships at almost any distance within their range, which 
is, say, within a mile and a half. They will not, however, be effective 
against iron-clad vessels. 

The Chairman. Bat suppose you are using them against fortifica- 
tions or using them against a city f 

Mr. HuBBELL. Then you may take the present guns with these shells 
of mine and knock any fortification or city in the world to pieces that 
you can come up to. 

The Chairman. You have got to fight not only iron-clads but fortifi- 
cations. Fortifications are not made in the way iron-clads are. 

Mr. HuBBELL. No, sir ; and there is the point that has driven Euro- 
pean governments to build iron-clads. They saw that with these guns 
which we now have and with these shells we could destroy any of their 
wooden ships easily, and we could destroy any of their fortifications 
built of stone or earthworks, and their cities would stand no chance at 
all. We could burn them up. But then these guns and projectiles, 
while they are very ett'ective, yet are not absolutely certain against im- 
pregnable iron-clads. It is true, with these guns that we have and with 
these shells, provided you could throw them into the port-holes of an 
iron-clad, the destruction is terrific ; but you cannot always strike a port- 
hole. Some did in the conflict with the Merriraac go into the ports and 
produce terrible destruction. If you can batter an iron-clad so as to 
get any point of penetration aild then throw these shells in, the destruc- 
tion is terrible. They cannot stand it. But the English and the French 
and other foreign governments have built ironclad vessels, the object of 
which is to resist these shells. 

Senator Cameron. How thick is the steel casing in their best vessels? 

Mr. HuBBELL. They have them various. They have made them up 
to 12, 14, and 16 inches. They have tried it to so great a thickness that 
I do not think a vessel can float the ocean of such thickness throughout. 

Senator Cameron. But ves^sels that do float — tjtke the vessels that 
were at Alexandria, what was the thickness of the casing of the largest 
vessel there'? 

Mr. HuBBELL. I do not know exactly, but the invulnerable points 
were over 12 inches thick. They had them thicker at different points^ 
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and they had rifled guns there of enormons i>ower, some 81-ton gonsi I 
think. Wo have no guns of so great power as those, but some parts of 
these vessels seemed to be vulnerable. The thickest parts protected the 
steam machinery and boilers. 

The object of this investigation, as I understand it or would apply it, 
is to attain the construction of guns with projectiles which will be able 
to cope with those heavy foreign guns and vessels, say in a regular sea 
fight or in an attack upon their works where they bring those guns, 
whether in forts or on vessels, into the defense. We must have some- 
thing sufficiently powerful to coi>e with them either aggressively or de- 
fensively; tbat is our vessels t&at go to sea shall have a gun sufficiently 
X>owerful to contend with their vessels, even in their own harbors, if that 
emergency should arise. That is the thing we are aiming at, as I un- 
derstand. Our powers of defense here at home with these shells and 
guns that we have are very considerable, unless we are attacked by those 
iron clads carrying tue heavy guns that they do. 

Senator Cameron. Suppose we are attacked by them, how do you 
propose to defend ourselves t 

Mr. HUBBELX.. There is the point we shall have to consider. 

Senator Cameron. We have nothing now to defend ourselves with, 
you say f « 

Mr. HuBBELL. Nothing that is adequate, that you can certainly rely 
on. Of course we could make a very good fight with our shells and our 
guns, because, rather than oe conquered, we would run right into them 
and fire at their vulnerable points and take the chance of being sunk 
rather than be conquered by them. But that is not what we are aim- 
ing at. We want to meet them with guns of greater strength, greater 
volume, greater power, with projectiles of greater weight than we now 
have. We can easily make the projectiles. I know all about them ; 
they are all invented ; but the point is to get guns that will stand the 
charge of powder, burn the powder, and yet be sufficiently strong to 
throw those heavy projectiles and penetrate their iron-clads or crush 
them. That is what we have to aim at now, and we cannot get up these 
guns in a short time. We must have a system adopted and the govern- 
ment itself must take the matter in hand, and have the means at its 
command of manufacturing these guns. 

Senator Cameron. Is there any gun invented anywhere in the world 
that will penetrate twelve inches of steel Y 

Mr. Hubbell. Oh, yes, sir. The English, and French, and Italians 
have guns that will do it. We have no guns here and no positive plan 
adopted of milking them that will do it. 

Senator Rollins. Is not the plant in existence here sufficient to con- 
struct a 12-inch gun Y 

Mr. Hubbell. I think there is a pladt here that can construct the 
steel gun which I propose. 

Senator Bollins. Where t 

Mr. Hubbell. As I have understood, at the South Boston Works. 
I think the South Boston Works have a plant ; also, the West Point 
Works. I think they could construct these 12-inch cast-steel guns. 

There is another way, however, of constructing a steel gun, and I 
will submit a plan. That is something upon the plan of what we now 
call old wire twist gun barrels. The principle was lirst used in making 
what we know for small firearms as a wire twist. It was a gun made 
of a series of wires and welded. They welded them to unite them. I 
can now by a combination make a gun which depends largely for its 
strength upon steel wire twisted, properly formed, and welded, not 
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soldered. I will make a drawing'of that and submit it, showing how 
that can be done. That is still a steel gun. Those are the only two 
ways in which you can do this thing, cast the steel entire and in com- 
bination. 

The GhaIrman. In making this gun, would you make it a breech- 
loader! 

Mr. HuBBEJLL. Yes, sir ; I prefer a breech-loader. I prefer a breech- 
loader for many reasons. It would be more convenient to load, because 
it is so long a gijn, and would require only short appliances } the men 
would be more protected ; and then another point would be, that by 
making .a breech-loader broad, you make an enlarged chamber for the 
powder; that is, the diameter ^f the powder chamber greater than the 
diameter of the bore of the gun, and you may load it at the breech. 
The effect of that is to enable you to bum a larger quantity of powder, 
and to get a higher pressure on the projectile, and therefore move the 
projectile with a higher velocity, and get a greater destructive effect. 
That has been tried already in Europe, and found to be the case. It is 
a well-known fact that if you enlarge the chamber you can burn more 
powder. Therefore it is best to make a breechloader. 

There is another advantage in a breech-loader for 80 large a gun, par- 
ticularly in some of our forts. The most effective fire from a fortifica- 
tion is a plunging fire, because you have the force of gravity aiding or 
acting with the velocity of the projectile instead of against it ; and if we 
can arm our forts about Kew York Harbor, and about the approaches to 
our principal cities, with heavy rifled breech- loading guns, with a plung- 
ing fire we can crush any ironclad fleet Europe can bring here, for we 
can then strike the most vulnerable parts, because we could strike about 
the decks. They cannot cover the deck as heavily as they can cover a 
small portion of the sides. 

The Chairman. Suppose you had a deck covered thus, and every 
part of the ship the same, would not that resist the same as the side of 
the vessel f 

Mr. HuBBELL. No, they cannot make it so heavy ; it would be im- 
possible ; the vessel would not float so much metal ; and furthemore, if 
they formed an angle that would be an advantage to a plunging fire, 
because the shot would strike it more directly. I do not think they 
could build an iron-clad in that way, for they would have to give breadth 
of deck in order to get floating power to carry their sides. 

The Chairman. I look upon it as though it was a circle. 

Mr. HxjBBELL. Still that would not help the matter any; that would 
make it still worse. The best deck they could present to a plunging 
fire would be a flat deck, because then the obliquity would be greater, 
and the tendency to cause the projectile to glance would be greater ; but 
still we can make a projectile to strike that with a plunging fire, and 
such an enormous power as that gives in every way over aTid above an 
elevated fire, that it would be impossible for them to build any iron-clad 
fleet to float across the ocean that could stand the plunging fire of good 
fortifications with guns of that kind. They would sink them spite of 
anything they could do; they could not stand it. I do not think it pos- 
sible for man to build a vessel that would navigate the ocean and stand 
a plunging fire of rifled guns constructed as I suggest they should be 
constructed. 

Senator Rollins. We might not be able to locate the fortifications in 
our harbors so as to secure that. * 

Mr. HuBBELL. We must take care of that. We must select points 
nearest the channels an enemy must come up. That could easily be 
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done at New Y<)rk at the NaiTows/and I suppose it conid be done at 
other places. If not, we can build up a foundation for a fort right in 
the water. We could begin by throwing in the foundation and build it 
up so as to command the channel. 

The Chairman. Build it with what! Stone! 

Mr. HuBBELL. Throw in stone first; get the foundation built of that. 

The Chairman. I could knock that fort down with one twelve-inch 
shot. 

Mr. HuBBELL. Build your stone under water, and puild it iron-clad 
above, and you cannot touch the foundation with any shot. 

The Chairman. I am not talking of the foundation. 

Mr. HuBBELL. I understand Senator Rollins' remarks to apply to the 
foundation for a fort to command the channel, that the channel mights 
be 80 located that a sufficient natural foundation could not exist, but 
we can construct an artificial foundation of stone first, and then build 
an iron-clad fort on top of that stone foundation so as to command the 
channel. In New York that could readily be done. I do not know 
about Boston; I am not sufficiently familiar with the channel of that 
harbor to know what would be necessary, but that is the principle on 
which to do it. I do not mean to put these guns in stone forts, Mr. 
Chairman, because, as I have just said, we can take our own guns and 
shells and knock to pieces any stone fort or any earthwork fort. There- 
fore it would be useless. 

The Chairman. The best idea would be to get a gun that would go 
through this iron armor? i 

Mr. HuBBKLL. Exactly. 

Mr. Chairman. And build forts afterwards t 

Mr. HuBBELL. Yes, sir. 

Senator Cameron. How far would a 12-inch steel gun, such as you 
speak of, throw a projectile effectively! 

Mr. HuBBELL. We ought to build a 12-inch steel gun that would 
throw a projectile five miles. 

Senator Cameron. And do effective work! 

Mr. HuBBELL. Do effective work — ^that is, with an explosive projec- 
tile. Of course you could not do very effective work against an iron- 
clad over a thousand or fifteen hundred yards for penetration, the 
velocity diminishes so rapidly; but the .projectiles in many actions 
would be very effective for difierent purposes against forts or encamp- 
ments or cities, if it was necessary, any distance within five miles. We 
could make shells to explode. There is a patent in my hand, granted 
to me in 1860, for that automatic explosive shell which was used in the 
field service, and I can explode that shell with certainty five miles off 
with terrible power. But then, while the gun would be useful for that, 
we at the same time want a gun that will have a high penetrative power 
of a great projectile at say a thousand or fifteen hundred yards, to pene- 
trate these iron-clads, and it is idle for us to rest until we get that gun. 
The government ought to have the means of manufacturing that gun 
at its command at any time. It will not answer to take the chances in 
these times of being able to get up a gun against foreign nations who 
are already armed, and this government cannot under the most favor- 
able circumstances do anything effective under one or two years. We 
should ha^e our cities reduced to ashes, and be blown out of the water, 
as the saying is, in six months, if we were in such a defenseless con- 
dition as that. 

Senator Cameron. If I understand you correctly, if one of these for 
eign iron-clads, such as are now being built in England and in Italy, 
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should come within five miles of the city of New York, it coald throw 
shell into it, and destroy the city ; and the4)e8t way to meet it is with a 
12-ineh gun, such as you propose to make, and to go out within 1,200 
yards and attack them? 

Mr. HUBBELL. Yes, sir; 12 inch, or larger. 

Senator Cameron. Therefore, the gun would be of no consequence 
in a fortification as agaii^t these vessels Y 

Mr. HUBBELL. We ought to have the guns in the fortifications, too. 

Senator Cameron. But they could stand off from our fortifications 
and destroy the city, and unless we had something to go out and meet 
them, we could not destroy them. We could not destroy them from 
fortifications unless they come up to the fortifications. 

Mr. HuBBELL. We could not destroy them from fortifications unless 
they come within a reasonable range of the fortifications. It would de- 
pend very much on the distance of the fortifications from the city, whethei 
they would be able to engage those vessels before they got within range 
of the city. In other words, if the fortifica4ions were nearly two miles 
from the city, the iron-clads might lay off four miles and throw cleai 
over the fortifications into the city, and shell it, unless we also had ves- 
sels to go out and engage the iron-clads. Therefore, the distance of the 
fortifications from the city as an element of defense enters into that 
problem. 

Now, the whole. question comes down to this: We have got to con- 
struct heavy ordnance. By heavy ordnance I mean about 12 inches in 
diameter, capable of throwing solid shot whose length is about 2^ di- 
ameters of that, 2 feet 6 inches long from one extremity to the other. 
We have also got, in order to keep up our American system of ricochet 
fire at s'ea, that is, firing when the gun is on the depression so that the 
projectile may strike, to construct large size smooth-bore guns, because 
that ricochet fire can only be maintained in its accjiracy with spherical 
projectiles. We should have, therefore, both kinds of guns, smooth-bore 
and rifled guns, of large caliber and of very great tens&e strength. The 
tensile strength should be not less than 60,000 pounds to the square 
inch, and with properly constructed wire or steel bands and the cast- 
steel gun body the tensile strength may be increased to over 100,000 
pounds per square inch. We diould have both of these kinds of guns 
constructed. 
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Degesoeb 30, 1882. 

Mr. HuBBELi.. Since I addressed the committee I have seen the 
printed report of the Ordnance Board. I had a conversation with that 
Board, but did not submit any plan, for numerous reasons which I 
stated to them and need not repeat here now. 

I will submit in writing my statement with accompanying drawings. 
I adopt the Ordnance Office plan M with certain modifications. While 
I select that as the proper model for a gun, I disapprove entirely of the 
recommendation of the Board as to. other modifications or plans of guns. 

The Chairman. What board! 

Mr. HuBBELL. The Board of Ordnance that convened in New York 
City this last year called the Getty Board. 

• It is not necessary for me to continue any verbal remarks, as I have 
condensed in writing my. proposition, and the reasons why I did not 
present the plan to the Board. I now submft the statement. 
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[Forty-seventh CoDgrefis, Second Session.] 

To the honorahle the Committee on Heavy Ordnance and PrqjectileSj ap 
pointed by the Senate of the United States of America. 

The uudersifTBed, William Wheeler Hubbell, a citizen of the United 
States, formerly of the State of Pennsylvania, now of Appomattox 
County, State of Virginia, respectfully submits the subjoined statement 
and proposal on the subject of heavy ordnance and projectiles, with 
exhibits appended. 

Plan No. 1. 

William Wheeler Bubbell presents to the committee for trial the plan 
of guD, marked M, presented by the Ordnance Office to the Board on 
Heavy Ordnance and Projectiles, and by them recommended for trial 
with the following modification aud improvement now proposed, to wit: 
That instead of the body o^ the gun being made of ordinary cast iron, 
that the body of the gun be cast of the reHned cast iron carbonized (or 
steel) described in the letters patent of said Hubbell & Brother, No. 
150,576, dated the fifth day of May, 1874, in order to increase the quality 
and streugth of the cast metal, both transversely and longitudinally; 
also, that the steel bands in the plan be screwed on when hot, in order 
to increase the longitudinal strength of the gun; that otherwise the 
plan remain as it is presented. 

Plan No. 2. 

Second. Adopting the same model and proportions of exterior, length, 
bore, and chamber, that the entire gun be cast of this improved cast- 
iron, metal or steel, in accordance with the said Hubbell patent, sub- 
stantially, so as to obtain a gun not simply of about30,000 pounds of ten- 
sile strength, but of 00,000 pounds or upwards per square inch and 
solid. 

Plan No. 3. 

Third. Adopting the same model and proportions of exterior, length, 
bore, and chamber, that the main body of the gun be cast of this im- 
proved ca«t-irou metal or steel, in accordance with the said Hubbell 
patent substantially, excepting the steel bands and screw fermeture, and 
that in place of the outer series of bands, the casting be reinforced with 
steel riband of sci*ew-thread formation, wrapped and welded on the 
plan and invention of said William Wheeler Hubbell, and with the bal- 
anced breech-fenneture and gas check of said Hubbell plan, substan- 
tially as patented 7th April, 1874. The object of this modification being 
to greatly increase both the longitudinal and transverse strength of the 
gun, for heavy charges, with ease and facility of loading, and rapid 
firing, without exposure of the working parts of the breech mechanism 
to interference or injury, the plan of the same being marked No. 3. 

WILLIAM WHEELER HUBBELL. 

That to carry into effect the manufacture of the three specimens of 
this model of gun, the sum of $100,000 be appropriated. 

In this connection it mav be remarked that the "cast iron" referred to 
by the Ordnance Office, and the "Getty Board,'^ by the use they make 
of that term, means the state of the art of refining and casting iron in 
18G5, which for gun metal, then, was about 30,000 pounds tensile* 
strength per square inch.j Witness as follows: Letter of January 20, 
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1882,froni Chief of Ordnance to the Board, pages 28, 1282 of their re- 
port, to wit: 

In this coDnection I would call the attention of the fioard to the statements and 
remarks published in <' Ordnance and Armor/' by Holly, pages 308 to 327, and pages 
331 to 334. It will scarcely be claimed that any material improvement has been made 
in the production of cast-iron ^uns since the date (1865) of that publication ; cast iron 
at that thne had reached its hightest standard. 

And the Board says, page 17: 

• 

Though the experience of onr own country has shown that heavy guns, possessing 
moderate power, can be made of cast iron solely, we do not regard it as a reliable 
metal for onr seacoast armament. Wo have, however, recommended for trial two cast- 
iron guns, banded with Hteel rings and one wrapped with steel wire, with a view to 
determining their suitableness for supplying, in case of urgent need, a deficiency in 
the armament of our forts and batteries, aud with the belief that such guns can be 
prodnced at onr own manufactories without much delay. 

From these official remarks it is evident that what the term '^cast 
iron" means in them is, the ordinary gun-metal cast iron, well known 
to be only about 30,000 pounds of tensile stirength to the inch, and im- 
pure to a high degree, as it contains sulphur, phosphorus, silica and 
carbon. 

The improved cast iron or steel proposed by the Hubbell system is 
purified of snlphur, phosphorus, silica, and excess of carbon, until so 
little carbon is contained in it as to become steel in a technical sense, 
although refined in* a molten condition, and originated as a patent in 
1874, nine years after the time of cast iron alluded to (1865) by the re- 
port. 

A charter (bill 8. !No. 803, Forty-third Congress, first session) was asked 
for of Congress in 1874, by Mr. Hubbell, for a corporation to make 
ordnance, &c., under these and other metallurgical discoveries, but 
neither this nor the royalty claimed and established as dae to him for 
projectiles used by the United States in the late war was or were al- 
lowed or paid; consequently, of course, this discovery has rested, and 
the heavy ordnance not made for the United Stat.es. 

In the mean time, England and Germany have utilized this discovery 
in the manufacture of steel; and in a treatise on "A Bar of Iron'' by 
George W. Yon Qunzelmann, copied in January, 1883, number of the 
[jeslio Magazine, exhibiting great knowledge in the working of iron 
and steel. It la also specified, to wit: 

* In 1878 Messrs. Thomas and Gilohrist showed that phosphoms may be eliminated 
in the Bessemer process by lining the converter with lime instead of with ganuister, 
or even by simpfy adding lime to the contents of the converter. By the utilization 
of this discovery, the Bessemer process has been successfully applied both iu £ugland 
and Germany to the manufacture of wrought iron and steel form very inferior quali- 
ties of cast iron. 

Here, then, is the principle of nsing lime with oxygen amongst the 
molten iron in a receiver covered by the fourth claim of the Hubbell 
patent process, demonstrated in England and Germany on their inferior 
iron; relatively proving that it will make superior steel of superior 
iron. 

This cast refined iron or steel has been made of 80,000 pounds tensile 
strength by Mr. E. H. Hubbell. 

A conversation on the subject was had with the Board on August 1, 
1881, at which time Col. J. G. Benton was a member; and owing to his 
death soon after, the Board lost a most able adviser on the subject. And 
a resolution of the Board, to wit (page 48) : 

That the Board select from the various projects before it of ' 'cast-iron guns, pure 
and simple, one that fairly represents the whole, and recommend a 12-inch gun for 
construction and triaP' being offered, 
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Tho resolution was not adopted. 

Noes : Major Mendenball, Colonel Tower, and General Getty — 3. 

Ayes: Major Purker and Lieutonant-ColonelBnffingtou — 2. 

Lieutenant-Colonel Buffiugtou and Major Parker gave tho following reasons for 
their votes : 

1st. The experiment would not be costly, and there are improved methotUi of catting 
claimed to remove certain weaknesses inseparable from cast-iron guna, 

2d. Powders and projectiles have been improved to give more uniform results and 
less destructive effects on guns. 

lid. It is only by actual test of a large gun under these improved conditions that 
the suitability of cast iron for heavy ordnance can be known, and its comparative 
merits with other mt-tals and systems of gnu construction determined. 

4th. The trial of a cast-iron gun, pure and simple, may furnish useful informatioa 
in regard to cast iron in combination with other metals. 

If the minority here meant in their first reason that the cast iron used 
should embrace tbeimprovemeutsin refining made since 1805 they were 
right, and it is probable that the majority meant by "cast iron" tho 
ordinary gun metal of 1865 alluded to by the Chief of Ordnance, be- 
fore referred to. 

This applicant did not present any plan of gun to the Board, nor incur 
any expense on the subject, it being impracticable to incur further 
expense in relation to heavy ordnance and projectiles until Congresa . 
has fully paid the royalty due this applicant for projectiles used hereto- 
fore iu war. It is impossible fi.r citizen inventors to bear such onerous 
burdens as Congress imposes upon them, in this instance, at least, by 
non-payment of past dues fully and promptly. 

This improved gun metal for heavy ordnance and projectiles has thus 
laid for eight years, without the Uniteil States making any advance in 
the attainment of means of defense commensurate with the advances 
made in Europe in this same direction, and th(^ cpiestion is now again 
presented as to what Congress will do on this subject. 

In the mean time, not only is the naval and sea-coast defense relatively 
on the decline, but the commercial marine is not progressive; for it is 
manifestly hazardous for merchants to build ships to be unprotected in 
time of war, i)erhaps for commercial supremacy, in which they become 
the objects of prize. Congress alone can make progress in relation to 
heavy ordnance and projectiles, in either one of two ways. 

One is, to pay the royalties due to this applicant, amounting to $100,- 
000 iu the percussion shell fuses used iu the late war, and $30,000 in 
the metallic ammunition made, in which event this applicant will be 
enabled to make an 8 inch heavy rified gun as his own for trial. The 
other way is, for Congress to appropriate $100,000 for the making and 
trial of the three guns embraced in this pro])OSition. 

This applicant has carefully examined all the other plans of guns 
proposed by the Board, and inasmuch as it has already been fully de- 
monstrated by the Ordnance Department that the tubing of ordinary 
cast iron with steel or wrought iron is an advantage, and can be ap- 
plied to any of the cast-metal guns, none of the other plans suggest^ 
are, in his judgment, sufficient to justify the expenditure of any money, 
for many reasons : 

1. Their parts are too numerous, and metal turgically are too diverse 
for homogeneity and resistance. They exhibit too many weak points, 
liable to rupture. 

2. As to the compound gun of steel, copper and tin, or bronze, that 
forms a voltaic pile, and as the steel becomes magnetized the bronze 
must become decomposed and weaker. The proposed longitudinal bars 
diminish the transverse strength. The Armstrong guns (page 284-285) 
are a better plan of wrought steel and wire gun. 
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3. The trials Kuggeste<l by this applic^^nt of the Plan M, of the Ord- 
nance Department, modified into three guns, No. 1, No. 2, and No. 3, 
proposed by this ap])licaut, would test every practical feature of the 
subject of heavy ordnance that can now be made in the United States, 
and the probability is that all three of the guns would -answer^ they 
diftering only in the cost. 

4. This applicant has never subjected the United States to any ex- 
pense for trials of lieavy erdnance. He made his own experiments in 
tills <lirection at his own expense, knowing that metallurgical chemistry 
would furnish the solution of success. The use made by the United 
States of his inventions in projectiles adapted to heavy shell guns, and 
ordnance also for solid shot, has amounted to millions, and he has con- 
fined his efforts therefore, first, to get Congress to justly pay himforwltat 
has been used; and in now making this proposition he greatly regrets 
that Congress has not dealt with him justly by making actual full pay- 
ment to him, and also that so much money has been heretofore spent in 
a fruitless effort to obtain stronger heavy ordnance. 

This applicant believes that successful citizen inventors have a just 
right to full compensation withdut oppressive suits, exactions, and de- 
lays, and also to a fair trial of inventions adapted to the public service. 

Having had occasion to express these sentiments for the information 
of Congress, he respectfully submits his proposal on this subject of 
stronger heavy ordnance for trial. 

THE PRESENT HEAVY ORDNANCE OP THE UNITED STATES. 

The 15-inch guns of the United States now in service, cast at the Scott 
foundrj-, Reading, Pa., were made under the supervision of my brother, 
Eichard Henry Hubbell, who is a co-inventor with tie and patentee in 
the Hubbell steel. We have as our private property the formulations 
of various metals used in the casting of those 15-inch ordnance, together 
with the respective tensile strengths. He directed the mixing and the 
condition of the metal in the casting. We are therefore the practical 
men who have already cast the heaviest United States ordnance in use, 
as well as the discoverers of the formulations and processes to increase 
the strength of the metal as high as 80,000 pounds to the inch. The 
15 inch guns averaged full 31,000 pounds tensile strength. The whole 
formulations and processes are our private property, not the govern- 
ment's. 

Truly, 

WM. WHEELER HUBBELL. 

Post-office, Concord Depot, Virginia. 

Exhibits. 

No. 1 M, No. 2 M, No. 3 M. Plans of f^us for trial. 
No. 4. .Specifications of patents for cast metal. 
No. 5. Specification of patent for breech-loading device. 

No. 6. Specification of patent for breech -loading proJectUe submitted herewith. 
Plan of shell| solid shot on same principle, with cutting points. 
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ADDITIONAL PROPOSAL. 

The undersigned has iiled a description of the new 100-ton Armstrong 
gun of Great Britain, to show the present state of the art in Europe, and 
also proposes to construct a lOOton gun of the Hnbbell steel, with the 
Hubbell balanced block fermeture, in similitude of the plan No. 3 M, 
but to be 15 inches in the bore (instead of 17, as in the English gun), 
but otherwise of the same dimensions; to stand a higher charge and 
throw the projectile with greater initial velocity, and a superior pro- 
jectile, and thus surpass the English gun in effective penetration or 
power; the cost of this proposed gun to be $50,000, or 25 cents a x)ound. 

WM. WHEELER HUBBELL. 



United States Patent Office. 

William W. Hubl)ell, of Philadelphia, and Richard H. Hubbell, oi 
Chester, Pennsylvania. Improvement in processes of purifying and 
strengthening iron in a molten condition for casting. 

Specification forming part of letters i>atent 'So. 150,576, dated May 5, 

1874; application filed April 25, 1874. 

To all ichom it may concern : 

Be it known that we, William Wheeler Hubbell, of the city of Phila- 
delphia, St4ite of Pennsylvania, and Richard Henry Hubbell, of Chester 
City, Delaware County, and same State, have invented an imiiroved 
process of purifying and strengthening iron in a molten condition for 
casting'into a mold, of which the following is a specification : 

This invention relates to that class of processes employed for i)urify- 
ing and strengthening a molten mass of iron to be cast and solidified in 
a mold, or otherwise employed in the manufacture of iron. 

In carrying out our invention, take of nitrate of potash, or saltpeter, 
one pound; of pulverized lime, one pound; of fine chloride of sodium, 
or salt, half a pound ; of pulverized charcoal, half a pound ; of pulverized 
clay, three pounds. Mix them together with about a pint of water, form- 
ing a thick wash or matrix. Place this matrix into and around the 
bottom of a receiver, into which the molten iron is to be poured, wash- 
ing it or spreading it over the bottom, so that it adheres thereto, and 
let it nearly or quite dry. Smelt the iron in a furnace in any manner to 
make it as pure or refined as possible. 

We recommend the process patented by William Wheeler Hubbell, 
February 8, 1870, and improved and patented by him April 21, 1874, of 
record in the Patent Office. 

When the iron is smelted in the furnace, draw off about seven hun- 
dred pounds of the molten iron, and pour it into the receiver containing 
the matrix upon the same, and let it flux; then remove or keep back the 
flux, and pour the iron into a mold of any desired shape. The mold may 
be a green-sand mold, a dry-sand mold, or a chill-mold, depending upon 
the article to be made, and the time and facilities for doing the work, as 
is well known. The iron maybe drawn from the furnace direct into the 
receiver containing the matrix, but is less liable to permeate all of the 
iron, as it enters more slowly. 

To cast large masses of iron in one mold, a series or sufficient number 
of receivers containing each a matrix must be used, and the quantity 
and proportions for each receiver may be varied more or less, and in- 
creased for very impure iron. Nitrate of soda may be used with or as 
a substitute for nitrate of potash, or saltpeter, to develop oxygen, and 
alkaline matter, with pulverized borax with or as a substitute for the 
lime and salt, to develop a flux to unite with the silica and alkaline 
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anatter, to prevent oxidation of tlie particles as they solidify; and car- 
bonate of soda may be used with or as a substitute for the chloride of 
sodium in the matrix of clay. 

This invention is an improved economical method of carrying into 
-effect on a smaller scale the principles heretofore discovered and patented 
by William Wheeler Hubbell, and we contemplate using the pulverized 
lime and salt, or carbonate of soda, as a substitute for the pulverized 
borax mixed with the salt|>eter by means of the tube c, described in his 
patent of February 8, 1870, No. 99,077, and by means of the cast iron 
<;ases described in his patent of April 21, 1874, in case the borax becomes 
too expensive or scarce, using the atmospheric air to force these ingredi- 
<;nt8 among and into the molten particles of iron in the furnace, and 
thus obtain the iron as pure as possible from the furnace at the least 
expense. The proportions of the ingredients and of iron may be varied 
without changing our invention. 

The development of the gases from the matrix of clay, compounded 
as described, forces upward into and among the molten particles of iron 
in the receiver the flux and alkaline matter formed by the clay, lime, and 
salt, and the oxygen gas unites in the combustion of the sulphur, phos- 
phorus, and carbon. The chlorine assists the union of the flux with the 
silica, purifying the iron; and the alkaline matter prevents oxidation of 
the particles of molten iron, and they unite on solidifying, when cast 
into a mold, with great purity and strength. The pulverized charcoal 
may be omitted, but it assists to sui)port the combustion in the separate 
receiver, and slightly carbonize or soften the iron. We do not confine 
ourselves to the proportions of ingredients stated. 

We do not claim lining the bottom and sides of a receiver, or either 
of them, with a wash or dough of binoxide or hyperoxide of black man- 
ganese, with or without sesquioxide of iron, water,- and carbonate of 
soda; nor of introducing gas or matter into the iron by a lining to the 
receiver, as that method has been long known. 

What we claim is — 

1. The composition for purifying and strengthening iron, consisting 
of a matrix of clay, saltpeter, lime, salt, and charcoal in the bottom of 
a receiver, upon which the molten metal is poured and allowed to flux, 
as <lescribed. 

2. The composition for purifying and strengthening iron, consisting 
of a matrix of clay, saltpeter, lime, and salt in the bottom of a receiver, 
upon wnich the molten metal is poured and allowed to flux, as described. 

3. The combined process of purifying and strengthening iron, consist- 
ing of driving, with and by means of atmospheric air, into and among 
the molten iron in the furnace, a compound of pulverized lime and salt, 
or equivalent flux, and alkaline matter, and drawing oft' and pouring 
the molten iron upon a matrix of saltx)eter, lime, salt, and clay, allow- 
ing it to flux, aud pouring the iron into a mold, as described. 

4. The process of purifying and strengthening iron, consisting of driv- 
ing, with and by means of air or oxygen gas, into and among the molten 
iron, a compound of pulverized lime and salt, and allowing it to flux the 
iron in the furnace or sei)arate receptacle, as described. 

W^M. WHEELER HUBBELL. 
EICOABD HENRY HUBBELL, 
Witnesses: 

Jno. E. Clyde, 

G. iAlORRIS. 

S. Rep. 009 ;$ 
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United States Patent Office. 

William Wheeler Hubbell, of Philadelphia, PenoBylvania. Improve- 
ment in refining iron. 

Specification forming part of letters patent No. 150,0't2, dated April 21^ 

1874 ; application filed April 2, 1874. 

To all whom it may concern: 

Be it known that I, William Wheeler Hubbell, of Philadelphia, Penn- 
sylvania, have invented an improved process of purifyinjg and strength- 
ening iron, to form a welded cast iron when solidified in a mold, of which 
the following is a specification : 

My present invention is an improvement up«m the jirocess of smelting 
and refining iron patented by me on the 8th of February, 1870, reference 
being had to the specification and drawing annexed to said patent of 
record in Patent Office. 

The nature of mv present invention consists in the process of purify- 
ing and strengthening the iron, consisting of the treatment of the parti- 
cles of the molten mass of iron and of melting iron in the furnace or a 
separate receiver with borate of soda or borax pulverized, nitrate of pot- 
ash pulverized, and atmospheric air, in the manner herein described. 
The nitrate of potash purifies and the borax strengthens the iron. 

The manner of using the nitrate of potash to refine or purify the iron 
in the furnace is fully described in the specification of my said patent 
of 8th of February, 1870, but is not combined with the present strength- 
ening process. 

The present improved process to strengthen the iron is varied some- 
what in degree, according to the quality of the iron to be acted upon 
.and the quality desired to be produced, and is to be carried on wholly 
or partly, as will be described, as the iron is to be more or less purified 
and strengthened, at one smelting, or in successive smeltings. The pro- 
cess of strengthening the iron consists in forcing pulverized borax, with 
and by means of atmospheric air, in direct contract with the particles of 
the melting iron in the furnace and into or among the particles of the 
mass of molten iron in the furnace, and in a separate receiver, the iron 
having been sufficiently refined or purified by any process, thereby giv- 
ing it great strength when cast into a mold ; also, of purifying and 
strengthening the iron by forcing a compound of pulverized nitrate of 
potash or its equivalent and pulverized borax or its equivalent, with 
and by means of the atmospheric air, into the particles of melting iron 
and molten mass of iron in the smelting fornace, to both refine or purify 
and to strengthen the iron, as described herein more particularly. 

I carry the process into effect in several ways. I supply some of the 
pulverized borax within cast-iron cases, placed with the iron and fuel 
inside of the furnace in charging it, to melt at the fusion point in the 
furnace, and the borax be scattered by the air blast among the particles 
of melting or melted iron. Also, I mix or compound pulverized nitrate 
of potash and pulverized borax and force them, with and by the atmos- 
pheric air, through the feed tube e and tuyere, as the niter alone is sup- 
plied, described in my said patent of February 8, 1870, and unnecessary 
to be repeated in detail here. Also, I force the pulverized borax, by 
and with atmospheric air, into and among the particles of the molten 
mass of iron when drawn off from the furnace into a separate receiver, 
and thus most effectually both purify and strengthen the iron when cast 
into a mold. 
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The manner of supplying the pulverized borate ot soda to the air 
pipes, blast pipes, or tuyeres is by means of the tube c, described in my 
said patent for smelting and refining iron, to enable the passing current 
of air to suck or draw the pulverized salts into the air pipe or tuyere 
and force it into the furnace. When the borate of soda is supplied in 
shells or cases the filling hole of the shell or case is stopped with clay, 
and each case is about half an inch thick, and contains about four pounds 
of the borate of soda. At the same time nitrate of potash or nitrate of 
soda is supplied by the tube, as described by the specification of the pat- 
ent of 8th of February, 1870 ; and a portion of borate of soda should be 
mixed with the nitrate of potash — about one part of borate of soda to 
two parts of nitrate of potash — supplied through the air pipes, and two 
parts of borate of soda in the cast-iron shells or cases. A proportion of 
twenty pounds of nitrate of potash, mixed with ten pounds of borate of 
soda, and supplied through the air tube, and with twenty pounds of 
borate of soda in the cast-iron cases inside of the furnace to each ton of 
iron of two thousand two hundred and forty pounds is a good propor- 
tion ; but these proportions may be changed, and increased or dimin- 
ished in quantity, to suit different irons and mixtures of irons, and dif- 
ferent degrees of refining and strengthening required. 

The iron is refined by the oxygen of the niter combining with the car- 
bon, sulphur, aAd phosphorus, and burning them out, and the borate 
of soila combines with the silica, which separates from the iron in a 
flux, and the alkaline matter prevents oxidation of the granules of the 
iron, and causes them to weld or form into a welded cast iron of great 
purity, density, and very great tensile strength. 

Carbonate of soda may be used in the cases or air tube ; but it is in- 
ferior to borate of soda in forming a flux with the silica to free the 
granules of the iron and make them weld. 

I supply the nitrate of potash and borate of soda or borax mixed to- 
gether, with the atmospheric air, by meaius of the feed-tube e and tuyere^ 
described in my said patent No. 99677, dated 8th February, 1870, be- 
cause the supply is in small particles or quantity at a time, and acts- 
immediately, and cannot produce an explosion ; but the borax is sup- 
plied alone, without the niter, inside of the iron cases set within the fur- 
nace, because the niter, if supplied in these cases inside of the furnace^ 
would prematurely blow out, by development into oxygen gas in heating, 
or cause an explosion. To force the pulverized borax, with the air,, 
among the molten particles of iron, held in a receiver separate from the- 
furnace, I feed the pulverized borax, with a slide or measure, from a. 
box into an air pipe leading to near the bottom of a receiver containing 
the molten iron, and the pulverized borax is, by and with the air, forced: 
into the particles thereof, to further strengthen the iron^ and at this 
operation pulverized niter, in a small quantity, is also mixed with the 
borax, and forced by the air with it, to farther purify the iron, if it is- 
not previously sufficiently purified. The sliding measure is a flat piece 
of iron about six inches square, with a cavity one inch wide and three 
inches long, cut through it in the middle. It slides between horizontal 
plates under the box of pulverized salts, to receive the borax and niter, 
and then forward between the plates of sufficient width into the air 
tube extending down, and the air, passing down through the aperture, 
carries the pulverized salts with it into the molten iron. The iron must 
be nearly pure to strengthen it most effectually by this process, with 
air and pulverized borax ; and any other process of purifying it, besides 
the use of niter, may be employed with the air and pulverized borax 
The air itself also purifies it some, or the iron may be previously puri- 
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fied. To sligbtly carbonize the iron when desired, supply the carbon by 
pulverized charcoal or other material, with the air, tlirough the feeding 
slide into the iron in the receiver, or othrrwise carbonize it in any of the 
well-known methods. 

It is unnecessary here to rei)eat the disclaimer contained in my said 
patent of 8th of February, 1870 ; neither do 1 claim borax to weld bodies 
of iron or steel, as it has been long used to aid in the welding of bodies 
of iron and steel in making tools and machinery ; but 1 have discovered 
that a sufficient quantity of pulverized borax forced among the particles 
of a molten mass of purified iron, with and by means of atmospheric air, 
will cause the granules of iron in the act of solidifying to weld or unite 
with great adherence, and form a cast iron of superior tensile stmngth. 

I claim as my invention — 

1. The process of strengthening iron, consisting in forcing pulverized 
borax, with and by means of atmospheric air, among the particles of 
molten iron witbin the furnace or a receiver, substantially as described. 

2. The process of purifying and strengthening iron, consisting in 
forcing a mixture of nitrate of potash and borax pulverized, with and by 
means of atmospheric air, among the particles of molten iron within the 
furnace or receiver, substantially as described. 

3. The process of strengthening iron, consisting in forcing the pulver- 
ized borax, with and by means of the atmospheric air, into or among 
the particles of molten iron within the furnace, the borax also being 
snpphed within fusible cast-iron cases inside of the furnace among the 
fuel and iron, substantially as described. 

4. The combined process of purifying and strengthening iron, con- 
sisting in forcing the nitrate of potash or a compound of x)ulverized 
borax and nitrate of potash, with and by means of the atmospheric air, 
from the outside through the feed-tube and tuyere, and from the inside 
within and by means oi* the iron cases containing borax alone, into and 
among the molten iron within the furnace, substantially as described. 

5. The combined process of purifying and strengthening iron, c^on- 
cisting in forcing the pulverized nitrate of potash and pulverized 
borax mixed, with and by means of atmospheric air, into the furnace, 
and with the fusible iron cases containing the borax within the furnace, 
among the particles of molten iron, and in forcing pulverized borax 
with the air among the particles of the molten iron contained in a sepa- 
?ate receiver, substantially as described. 

6. The process of strengthening iron, consisting in supplying borax, 
within fusible cast-iron cases inside of the furnace, to and forcing it 
among the particles of molten iron, with and by means of the atmos- 
pheric air, substantially as described. 

WM. whp:eler HUBBELL. 

Witnesses : 

Henry H. Burton, 
A. E. Beecheb. 



United States Patent Office. 

William W. Hubbell, of Philadelphia, Pennsylvania. — Letters patent 
No. 99677, dated February 8, 1870. — Improvement in smelting and re- 
fining iron. 

The schedule referred to in these letters patent and making jtart of the same. 

Be it known that I, William Wheeler Hubbell, of the city of Phila- 
delphia and State of Pennsylvania have invented a new and useful im- 



1 
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provement iu the method 'of smelting and refining iron and iron ore and 
other metals or metalliferous ores, and I hereby declare the following to 
be a full, clear, and exact description thereof: 

The nature of my invention consists in supplying pulverized saltpeter 
to the blast-pipes or tuyeres of the furnace in which the iron or ores is 
or are being melted, so that this pulvefized saltpeter shall be driven 
with and by the blast into the furnace, in direct contact with the melt- 
ing iron or ores, or close to the surface of the molten iron. This pul- 
verized saltpeter, being in fine particles, readily enters into combustion 
with the sulphurous and carbonaceous matter in the furnace, and so 
largely frees the sulphur from the iron that it becomes thereby highly 
purified, and is rendered strong or tough and tenacious. It also makes 
it more readily convertible into steel. Iron thus prepared becomes im- 
portant for the manufacture of large guns or ordnance, which should be 
cast from a furnace in which the smelting operation is conducted by the 
use of saltpeter in this manner. Nitrate of soda, pulverized, as well as- 
nitrate of potash, may be used in this manner to smelt the iron, or other 
pulverized salts which evolve oxygen when brought into contact with 
the fire in the furnace may be used. 

Various common mechanical devices may be employed to measure and 
deliver the saltpeter into the tuyere or tuyeres of the furnace. I intro- 
duce it by means of a tube entering into the top of each tuyere, the 
tube sloping or inclining in direction toward the furnace, by which in- 
clination the passing current of air in the tuyere sucks or draws the 
pulverized salts into the tuyere. The tube should enter the tuyere 
about half an inch. 

The pulverized salts is measured into the tube from a box above, con- 
taining it, by a sliding bar, containing a chamber or chambers, which 
receive the powder, and drop it into the tube close to its mouth. Vari- 
ous other modes of measuring the powder into the tuyere may be em- 
ployed — namely, a wheel with chambers in its periphery, or through its 
sides, may be employed to measure the salts from the box ; also, a plunger 
may be used to force the salts into and along the tube into the tuyere. 
The supply-tube should enter the tuyere on the top of its barrel portion, 
between the bend and its nozzle or mouth, so that the air shall not drive 
the powdered salts back into the supply-tube. 

About twenty pounds of salts may be used in smelting one thousand 
pounds of metal, though more than this quantity may be nsed. I do 
not mean to confine myself to any particular proportion of salts, nor to 
any particular device to supply it to the tuyere or tuyeres. Each tuyere 
should have its own feeding device. 

By using one hundred pounds of the powdered saltpeter to one thou- 
sand pounds of iron, will decarbonize the iron and convert it into steel 
or malleable iron, or into moi e or less refined cast iron, dependent upon 
the quantity and kind of fuel used, which may be charcoal, or anthra- 
cite or bituminous coal, or other fuel. 

Another method of supplying the saltpeter to the tuyeres, so that 
they m*ay direct it with the blast into the furnace, and which is well 
suited to the cupola-furnace for smelting pig iron, where a fan-blower 
is used, is to feed the powdered saltpeter in at the eye or side of the 
fan-blower, by means of a hopper and shoe, by shaking them in the 
usual manner of feeding flour or grain. The mouth of the shoe is 
placed close to the side or eye of the fan-blower, and the air, entering 
there, sucks or draws the powdered saltpeter with it, and forces it 
through the tuyeres into the fire of the furnace. 

The annexed drawing represents a sectional view of one of the tuy- 
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eres, with the small pipe to feed the salti>eter through into it, in which 
a is the discharge-mouth or nozzle of the tujere, h is the portion lead- 
ing to the blower, c is the lower and d the upper side, and e is the i)ipe 
to feed the pulverized saltpeter, g being its mouth, which is directed 
toward the nozzle a. The blast, therefore, in rushing past the mouth 
g in the direction indicated by the arrow A, tends to suck the saltpeter 
through the pipe e, and the blast carries the powdered saltpeter into 
contact with the metal at the points of combustion, or smelting por- 
tions of the metal, wherever the blast itself goes in contact with the 
molten and melting metal and fire, and with their oxygen, thus sup- 
plied, consume the sulphur and carbon and combustible matter, and 
purify the iron, giving it, or causing it to possess, great purity and 
strength. The saltpeter may be fed into the pipe e by a shoe and hop- 
per, or a screw, or any other device. 

When the saltpeter is fed into the blast at the eye of the blower, the 
pipe e should be set with its mouth g presented to the eye of the blower, 
the body of the pipe e extending upward above the eye, to near the 
top of the case of the blower, and a shoe or shaker is placed above it, 
to shake in the saltpeter from a hopper above the shoe. This forms an 
equivalent mode of combining the pipe e with the tuyere, so that the 
blast shall suck in and carry the saltpeter through the tuyere into the 
furnace, as before alluded to in this specification. 

In casting ordnance, I recommend a repeated smelting of the pig-iron 
or iron by this process, before running it into the mold, and also I 
recommend the use of charcoal for fuel. The iron should be smelted 
twice before the final smelting, each time running it into bars or pigs 
and letting it cool, and using about twenty-five pounds of refined salt- 
peter to each thousand pounds of pig metal. After the second smelting, 
it can -be stored away for use when needed. On the final smelting for 
casting into the gun, fifty pounds of refined pulverized saltpeter may 
be used to each thousand pounds of iron. The last smelting for ord- 
nance may be with charcoal fuel alone, without the application of the 
saltpeter. Befined saltpeter is far better than crude, though I do not 
limit myself as to the quality of the saltpeter, in respect to the prin- 
ciple of my invention. 

In this invention I do not mean to limit myself to any particular means 
or method of feeding the pulverize<l saltpeter to the tuyere, and it may 
also be supplied through a separate blow- pipe or supplemental tuyere, 
but not so advantageously. 

I do not mean to limit myself to the use of any particular proportion 
of saltpeter at each or any smelting, nor to any certain number of smelt- 
ings of the iron. The quantity of saltpeter may be greater or lesser 
than I have nam^ed, and the number of smeltings ma^' be greater or 
lesser. They are' all contemplated by me, and are each and all within 
the scope and intention of my invention, as here specified. 

The pulverized saltpeter, on this principle, may be supplied, also, in 
the smelting of the ores of gold, silver, copper, or other metalliferous 
ores, they all being comprehended within my invention and appl^ation 
of the pulverized saltpeter, by means of or with the blast, as here speci- 
fied and claimed, or intended so to be. By this means the oxygen sup- 
plied and developed is brought in contact with every particle of the 
metal and combustible matter, and the most uniform purification and 
separation of the metal from all sulphur and earthy matter is effected. 

fiefined saltpeter is the best to use, as pure as possible, and I recom- 
mend it, and it should be pulverized very fine previous to use in this 
smelting operation. Any suitable flux may be used, limestone or other, 
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And I contemplate using it in connection with my flux of sulphate of 
baryta, patented by me May 4, 1869. It may be also used in the ordi- 
nary smelting-cupola, without a flux. 

I am aware that oxygen salts have been converted into gas, and forced 
into a molten mass of metal below and into its surface, to purify the 
mass after it was smelted, and I do not claim any construction to carry 
on this process. Such process is impracticable to purify a large mass 
-of fused metal and still have it in proper condition or degree of fusion 
to cast large bodies to be very strong. 

With my process of purifying the metal when detaching itself in 
«mall particles at the point of fusion, the metal, when settled in mass or 
in the bottom chamber of the furnace, can be accumulated in large body 
and cast when at the proper heat or state of fusion to make a strong 
'Casting, which statQ of fusion experienced founders well know on sight 
^f the fluid metal. 

Also, my process produces a more thorough combustion of the sul- 
phurous and carbonaceous matter of the fuel and metal, by unitiogthe 
'Oxygen immediately with it and the metal in particles, together at the 
fusion-point. 

Having now fully described the leading features or principle of my 
invention. 

What I claim is — 

1. The supply of the pulverized niter, with and by means of atmos- 
pheric air, above the molten mass of iron, at the point or place of fusion 
•of the metal, by means of the feed-tube or shoe e, connected to the ordi- 
nary blast tuyere of the furnace, or its equivalent shoe or tube at the 
«ye of the fan-blower, substantially as described. 

2. Also, the smelting of the iron repeatedly or successively, by this 
■flame process before claimed, so as to be able to accumulate it, in a pu- 
rified condition, to make very large eastings stronger and more pure, as 
^described. 

WM. W. HTJBBBLL. 
Witnesses : 
Jas. G. Smith, 
George Overton. 



United States Patent Office. 

William Wheeler Hubbell, of Philadelphia, Pennsylvania. Improve- 
ment in breech-loading ordnance. 

Specification forming part of Letters Patent No. 149,478, dated April 7, 

1874; application filed March 18, 1874. 

To all whom it may concern : 

Be it known that I, William Wheeler Hubbell, of the city of Philadel- 
phia, St^te of Pennsylvania, have invented a breech-loading cannon, of 
which the following is a specification : 

The object of my invention is to load at the breech, for all sizes of 
«annon, with serge-bag cartridge and elongated projectile, and secure 
it tightly to fire, and open the breech freely to load, conform to expan- 
sion and contraction, and produce a durable serviceable gun by the 
peculiar construction of a circular breech-block, and of the breech of the 
barrel, with their appliances, to operate together as described, and shown 
in the accompanying drawings. 
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Figure 1 is a section through the axi^ of the entire cannon. Fig. 2 i» 
a cross-section of Fig. 1 on the line v. Fig. 3 is a view of the front face 
of the circular breech-block. Fig. 4 is a front view of the face of the^ 
screw breech-piece/. Fig. 5 is a cross-section of the barrel of Fig. 1 on 
the line w, showing the front of the rear or breech when made of solid 
metal in i)lace of the screw-breech/. Fig. 6 is a view of the lower face 
of the breech of the gun, with the circular breech-block e within the 
recess y. 

Like letters refer to similar parts. 

a a is the barrel, with rifled bore (?, touch-hole 6, and chamber c, to 
receive the projectile and serge-bag cartridge, j is a circular ring or 
bush, of square bar steel, iron, or copper, to form a joint or face for the 
rear face of the chamber c, against which the front faee of the circular 
breech-block is tightly borne to form a close joint, k is the breech end 
of the barrel, and into it is firmly fitted a screw breech-i)iece,/, having 
a loading-hole, g, through it on a Hue with the chamber c, and fully as 
large in diameter. Below this loading-hole ^ is a shaft, t, exteuding 
parallel with the axis of the bore, and through the breech-screw/, which 
sustains the circular breech-block e. This breech-block moves back- 
ward and forward on this shaft, and half-way around and back with it, when 
squared, as shown, or on it when made round through the wheel. The 
breech Jc contains a mortise upward from the under side, as shown in Figs^ 
1, 2, 5, and 6, letter y. The mortise is open at the bottom. The sides are 
parallel and the top semicircular, having a strong body of solid metal at 
the sides and top to connect the breech k with the barrel a, and endure the 
recoil stress of the discharge. The width of this recess is about equal 
to the diameter of tbe bore, and is made to receive the circular breech- 
block, of sufficient thickness and diameter for the size of the gun. The 
front fa<3e of the breech-screw /forms the rear face of the recess against 
which the circular breech-block bears. In Fig. 5 this face is shown in 
the solid metal of the breech. It is made either or both ways, and 
always has the loading-hole g and shaft-hole i through it, and also ha» 
the face formed with an inclined circular bevel from the line or face r 
to u and t The face is about a quarter of an inch highest at r, and 
bevels across the loading-hole ^ to i« in a half-circle, which forms the 
face on which the recoil s&ess is received from the circular breech-block. 
The bevel from ^ to u is to tighten firm upon as the breech-blod^ movea 
up to inclose the charge. The bevel may extend from ttos; or this 
part may be level, leaving r the highest face, and extending horizon- 
tally, so that the resisting bevel-face is about equal both sides of the 
charge, or charging-hole, or bore of the gun. The breech-block is con- 
structed of a diameter about twice and a half that of the chamber c, so 
as to admit the loading-hole <7, the shaft t, and the inclosing-face o within 
its circuit. The front face o. Fig. 3, of this breech-block is at right 
angles to the axis of its shaft i and the axis of the chamber c, and the 
solid part o, Fig. 3, bears against the bush-ring or joint j of the chamber 
to inclose the charge to fire; and, by turning this breech-block half- 
wa3^ on its shaft, or with it, it presents the loading-hole hj opposite the 
chamber, to sponge out, and insert a new charge through the hole g in 
the breech, through the hole h in the block, into the chamber c, which 
are then coincident, and form a continuous channel for the passage of the 
charge forward in loading. The rear face of this breech-block is shown in 
Fig. 2. This lear face is also con structed with a circular bevel, the reverse 
of that on the breech-screw /, or breech-face r w f «, Fig. 5, and fits it 
firmly on the upper semicircle r u when tightened up. The letter j> de- 



HEAVY ORDNANCE AND PROJECTILES. 4t 

notes the highest part of the bevel-face, aud q the lowest part. The 
line between them is the shoulder between the top and bottom of this 
circular inclined plane or bevel-face. In making a half-turn, therefore,, 
of this breech-block against the beveled breech-face the wheel is forced, 
forwanl on its shaft against the joint j of the chamber and tightly in- 
closes the charge; and reversing the breechblock half a turn releases 
this bearing and brings the loading-hole h in line, to iusert another 
charge. The front face o of the circular breech-block, being wide, allows 
it to tighten up or turn more or less than half-way, to firmly secure the 
charge with a tight joint, as the contraction or expansion from cold or 
heat, or the accumulation of refuse matter, may require, it being self- 
regulating in this respect, owing to this construction, which is vitally 
important to the success of the gun. In order to turn or move and con- 
trol this breech-block, cog-teeth m w, Fig. 2, are cut on the rear face of 
its periphery, a little over half the circuit, as shown, into which ia 
geared a pinion- wheel, 71, on a shaft with crank, ;?r, secured to the lower 
face of the breech k, as shown in Fig. 6, the i)inion- wheel n being shown 
in position also in Fig. 2. In case this pinion or crank gets broken 
I have made the main shaft i of the breech-block with a square, 
and to i>roject in the rear to receive a crank, and thus turn it di- 
rectly with this main shaft. The shaft is movable, and secured in 
place with a slot Jind pin, or catch. By removing this shaft the breech* 
block will fall out of the recess y. To x)lace the block, it is raised up^ 
into this recess and the shaft slid into it at t. To stop the hole h oppo- 
site the chamber, a slot with shoulder I is cut in the periphery of the 
breech-block. Pig. 6, half-way around, into which drops a pin, a?. Fig. 5, 
extending through and above the barrel. One shoulder, Z, coming against 
this pin, stops the wheel when the hole h is opposite the chamber c; 
and when reversed the end of this pin comes against the opposite 
end or shoulder of this slot Z, and by striking the pin it delivers a 
blow on the periphery of the breech-block, to start it in case it sticks in 
large guns, which may at times be possible. The breech A; of the barrel 
is enlarged in diameter, as shown in Figs. 1, 2, 6, in order to make the* 
recess y large enough to receive the circular breech-block and give a 
thickness of solid metal at the top and sides of the recess, to sustaini 
the enormous recoil stress thrown on it. This thickness should be at 
least equal to and may be greater than the diameter of the chamber 0^ 
The breech-block should be made of steel or good iron, and its thick- 
ness about equal to the diameter of the chamber 0. The breech-block 
may be cut across to form a loading-hole. In large ordnance I extend, 
the grooves and lands back through the chamber c, through the loading- 
hole hj and through the hole g in the breech to the rear, and groove the- 
projectile correspondingly, so that it takes the lands ana the grooves oa 
insertion, and passes forward into the chamber 0, a rod, with shoulder,, 
being used to regulate the distance of insertion. The projectile is loaded, 
first, then the cartridge. In small or three-inch artillery, the projectile^ 
is banded with soft metal and canvass, or otherwise suitable material,, 
and is pressed forward by the discharge from the smooth chamber into- 
the grooves ; or these small guns also may have the grooves and lands, 
cut through to the rear and use a grooved projectfie. In fact, both 
large and small guns may be grooved and used either way, this being 
one of the great advantages of this breech-loading system. 

I claim as my invention — 

1. The circular breech-block e, provided with bevel-face |? g, and hung: 
upon shaft t, in combination with the breech of the barrel a, having 
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bevel-face r «, the parts beiDg constructed and adapted to operate to- 
gether substantially as described. 

2. The pin x operating through the barrel a in the slot Ij to stop and 
«tart the breech-block, as described. 

WM. WHEELER HUBBELL. 
Witnesses : 

John Shaw. 
S. A. Mills. 



<FQed with the Select Committee on Heavy Ordnance, United States Senate, Forty^aeventh Con g r e — 

by William Wheeler Hubbell.) 

GUNS AND STEEL AKMOR — ^THE 100-TON ARMSTRONG GUN. 

fFrom the London Times. J 

The year 1882 will be remarkable in the history of artillery science, because for the 
first time steel and compound armor have come into competition with guns of the 
lughest caliber and have shown their power of resisting any but almost fabulous 
blows. At the same time a gun has been produced capable of dealing such eztraordi- 
ciary blows, while the whole process of loading and laying the piece can be canrled 
•ent by a sinele hand, no stronger than that of a lady. £ngland and France have 
Tied with each other in constructing the plates. The breech-loading 100-ton gun is 
English. We shaU presently attempt to ^ve some idea of the method of working the 
Armstrong 100-ton breech-loader, some oi the features of which are quite new in the 
history oi artiUery. But before doing so it should be noticed that the total abolition 
of trunnions has so narrowed the space occupied by each gun that two of them can 
be €)asily and comfortably worked in a turret if necessary, though the present ar- 
rangements designed for the Italia and Lepanto are intended to lire en barbette from 
behind a breastwork. The Germans being confronted with the difficulty occasioned 
iyy the width of guns, have solved it by placing only one gun in each turret. Mr. 
^ndel, formerly of the firm of Sir W. Armstrong, and now at the Admiralty, hae 
eolved the same problem by his designs for the mounting of the 100-ton breech-loader. 
Instead of throwing away a sun, he has narrowed the space it occupies and placed 
%he whole of the lo^ng and laying arrangements safely out of the way, so that there 
is plenty of room in a turret for two guns if necessary. 

The lOO^ton breech-loading.gun is composed for more than half its weight of steel, 
the rest being wrought iron. The inner tube and the nest tube which embraces it 
are both of steel, and on the exterior of the gun are rings of the same material. It 
is by far the strongest piece of ordnance ever constructed by the £ Is wick firm. Its 
principal dimensions are as follows : Length over all, 468 Inches ; length of bore (26 
calibers), 442 inches ; length of rifling, 335.4 inches ; diameter at muzzle, 33.3 inches; 
diameter at breech, 65.5 inches; diameter of bore, 17 inches: diameter of powder 
chamber, 19.5 inches. 

One of the most interesting points with regard to the gun is the method of mount- 
ing it. The usual trunnions are entirely absent. The gun lies imbedded on a sort of 
«ledge carriage, which is a mass of steel, weighing about fourteen tons. Projecting 
flrings, which form part of the gun, rest in grooves, and prevent only backward or for- 
ward motion of the piece on the carriage, and rotary motion is prevented by strong 
eteel straps. Thus the gun and carriage are securely bound together, having their 
Axes parallel, and recoil together in the same direction. The carriage rests and slides 
-upon the planed surface of two cast-steel beams of about ten tons weight each. They 
«re held together by the recoil press, and their front ends pivot vertically on a mass- 
ive hinge. Thus the axes of the gun, the carriage, the recoil press, and the slide 
are all parallel, whatever the elevationj and the difficulty of restraining the rotary 
motion caused in other systems by recoil is completely got rid of. The whole weight 
is taken by two powerful hydraulic presses, which work always together, being acted 
upon by one common supply pipe. If the muzzle of the gun is to be elevated the 
hydraulic rams sink, and the slide, pivoting on its front end, is lowered in the rear., 
carrying with it recoil press, gun and carriage. The reverse takes place when the 
gun is to be depressed. By this simple arrangement a host of difficulties are at once 
•eliminated, and some terrible strains removed from the system. And not only is there 
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Ibe advantage of harmonious recoil, but the pivoting on the end of the slide enables 
the gnn to be fired through a very small port, which it would fill almost completely. 
This is an improvement on the Indexible, where it has been found necessary t^ attach 
to the muzzle of the gun a steel shield, formed of two-inch bars, to guard the port 
from the fire of rifies and machine guns. 

The loading arrangements are also extremely simple, and present some features of 
novelty besides the mere fact that the gun is loaded at the breech. With the excep- 
Tion of bringing up the ammunition and ramming, which are performed by another 
Lydraulic apparatus, the whole business of opening and closing the breech is performed 
!>y two levers close together, which are worlked by one man. He cannot make a mis- 
take, for nothing can be moved out of its proper order, and whatever position a lever 
may be in at the end of its last movement., the next act is performed merely by push- 
ing or pulling the lever to the opposite side. One .pair of levers works the whole 
breech-closing apparatus, prepares the gun for loading, or opens the breech after dis- 
<'har^e. Another pair of levers runs the gun out and m, and elevates or depresses it. 
It is impossible to run it back or forward too far, and the whole mighty mass of metal 
may be managed by the hand of a lady, who cannot possibly make a mistake. If she 
touches a lever it must be to pull it back or thrust it forward from the position in 
^hich it then lies, and no movement that can be made will set anything wrong. All 
the movements involved in opening the breech, withdrawing the breech-screw, re- 
placing and closing the breecb, can be performed in less than one minute. No dam- 
age can be done in the heat of action, and the gnn cannot be fired till the operation 
of loading and closing the breech has been completely performed. The whole pro- 
cess seems like magic, so simple is it, so easy, and so certain. The most inexperienced 
person can learn the movements in five minutes. 

It is almost impossible to make the process of loading and laying the gun under- 
stood without the aid of drawings, but some idea of it may perhaps be given to those 
vrho have a knowledge of mechanic^ as applied to artillery. The hydraulic pumps 
are worked by a smsni steam-engine, which is governed in its rate of work by the 
pressure of water produced. It never ceases work, but when no movement is required 
of any of the parts its action is feeble and only keeps up a certain normal pressure. 
But if any motion of the system is required and the touch of a lever opens the way 
for water to create that motion, the engine instantly sets off briskly and continues to 
Act till the cessation of movement tells it that its services are no longer required. It 
then drops back at once to its slow and feeble action. The engine is seated on a tank, 
from which the pumps draw their water, and to which the water is returned after be- 
ing exhausted from tne various cylinders and pipes. Behind and across the breech 
of the gun, but entirely separate &oui it. is a slide-bed similar to that of a lathe, and 
on this bed moves a saddle which carries the loading-tube and a rest for the breech- 
screw when drawn out of the gun. Now, let us suppose that the gun has been fired 
and requires to be loaded. By touching the levers tor elevating and running back, 
the gun is brought into the loading position exactly. It cannot go too far in either 
direction. A touch on another lever brings the saddle into its proper position, un- 
locking and turning the breech screw as it comes. A touch on the third lever brings 
up a piston from the rear and makes it engage a catch in the breech screw. The same 
lever moved in the opposite direction draws out the breech screw upon a bed made to 
receive it on the saddle, which is then drawn out of the way by a reverse movement 
of the lever which brought it. As the saddle moves sideways, that part of it contain- 
ing the loading-tube conies into position exactly behind the rear end of the bore. The 
small piston which withdrew the breech screw now pushes the loading tube into the 
gun, the object of the tube being to protect the threads of the female breech screw 
,2rom abrasion by the shot. All is now ready for loading, which is performed as in the 
mnzzle-Ioading 100-ton gun. The projectile and its two half-charges are always kept 
rea<ly on trolleys, which rise by hydraulic pressure from their places in the magazines, 
and arrive between the hydraulic rammer head ond the breech of the gun. Other 
levers thrust them forward into their places : the loading tube is withdrawn and the 
breech closed by a reversal of the different movements just decribed, which do their 
work more quickly than the description of their action can be read. The breech of 
the gun cannot be moved till all is complete, and the piece cannot be fired unless the 
breech is accurately closed and locked to prevent its opening. 

When mounted in the Italia and Lepanto, for which the^ have been designed, these 
100-ton breech-loaders will be en barbette — that is, they will be elevated so as to see 
over the top of the battery as in the French ships, but there will be this advantage, 
that whereas in French men-of-war the men working the gnn are exposed to the fire 
of small-arms, machine suns, and shrapnel, not a single man will be exposed in the 
Italian ships. The whole of the machinery, which, though elaborate to describe, is 
simple and massive in reality, will be under an armored deck. The only break in 
protection by the deck is the portion through which the rear part ot the gun descends, 
and that will be covered by the mass of metal composing the gun. In the French ships, 
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sun and giinuers are eqaally exposed. It needs no technical knowledge to understand 
now valuable this advantage is. 
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11 
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11 
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Having now described the gun, the method of mounting, and the process of load- 
ing, it remains to tell what the piece has actually done, and to explain why sucb 
huge weapons are required for the ships of the future. The table shows the rounds 
recently hred at Spezia, but it should be remarked, first, that the strength of the 
l^un is calculated to bear with safety a pressure of twenty-nine tons to tne square 
inch, while the highest yet reached is 16.5 tons ; secondly, that though the greatest 
charges ever yet tired in a gun have now been exceeded, the powder chamber has 
room for a much larger charge than any used at Spezia; and, lastly, that there is an 
evident intention on the part of the Italians to try even more powder, experiment- 
ally at any rate. Indeed, it is not improbable that they may, as they did with the 
muzzle-loading 100-ton gun, increase the charge until it passes the limits of safety, 
for the sake oi experiment. Such a course would be interesting to scientific artiller- 
ists, but might damage the confidence of the Italian navv in its guns and the Italian 
people in their navy. It is also probable that the breech-loader will be fired at the 
Schneider steel phite, which is still untouched, aud the question will bo decided 
whether the solid nineteen inches of steel will resist the impact of a projectile whicb 
has a total energy of about 46,000 foot-tons. 

With regard to the preceding table it is to be remarked that both Fossano (Italian > 
powder and prismatic (German) powder were provided for the experiment, but, find- 
ing that there was little to choose between them, the com mitt^^e decided to adhere to 
their own explosive. Rounds 13, 16, and 18 vfere fired with almost the full elevation 
possible — ^namely, 11° SO' — and therefore did not regist<*r their full velocity, becaube 
they passed over the screens instead of through them. The range out to sea was evi- 
dently enormous, but formed no part of the t-est trial, and wus therefore not measured^ 
The shot was 184 seconds in the air before touching the water. Round 17 was fired 
with almost full depression — ^namely, 3^ 59' — and plunged into the si'a below the screens^ 
throwing up a magnificent column of water about 100 feet high. 

The results of these experiments have shown that guns weighing 100 tons can be 
manipulated with greater ease by means of hydraulic power than the 12-ton 9- inch 
gun without it. The whole apparatus takes up very little room, and is perfectly sim- 
ple in character. There is no reason why a gun of )50 or 200 tons should not be ma- 
nipulated with equal ease. If it be asked why such monstrous pieces of ordnance 
should be used at all, the reply is that the condition of the controversy between guns 
and armor plates has been completely changed by the construction of steel and com- 
pound armor. 
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It has now become necessary to give up the idea of perforating the armor of the 
fntnre with anything less than such a piece as the 100-ton breech-loader, and the 
power of guns against armor must now be estimated by the total energy of the blow 
delivered instead of by the old calcVilation of the energy per inch of snot circumfor- 
ence. In the days previous to the trial of the big breech-loader, the muzzle-loading 
LOO-tou gun was fired at two English compound plates nineteen inches tliick — one 
made by Cammell and the other by Brown, and at a Schneider steel plat«. The Eng- 
lish plates were not sufficiently bolted to the backing, and therefore came to pieces 
more easily than they ought to have done. Moreover, from want of machinery de- 
signed to roll such very thick plates, they had not been worked down so much as 
they should have been and will be in the future. The iirst round fired at each plate 
was with a charge of 328.5 pounds of Fossano powder, less than half the highest 
charge fired from the breech-loader. The striking velocity was in each case about 
1,220 feet, and the total weight a little above or below 20,200 foot-tons. In no case 
was the plate perforated, nor did any serious injury occur to the backing, though the 
shot would have gone clear through a 19-inch wronght-iron plate. A second round 
was fired at each plat-e with a charge of 478.4 pounds of Fossano powder, giving a 
striking velocity of 1,560 feet approximately, and a total energy of about 33,900 foot- 
tons. These rounds would have pierced a 25-inch wronght-iron plate, yet they failed 
to perforate any of the three pieces of armor opposed to them, though the steel plate 
was crarked badly and the two compound plates were broken to pieces. 

In all three cases the backing suftered, but less in the case of the steel plate than 
of the others. Against the Schneider steel plate was now tired a Whitworth steel 
projectile, with a striking velocity of 1,538 feet and a total energy of rather more 
than 34,000 foot-tons. The plate was broken up and the backing dashed in by the 
total force of the blow, though the shot itself had been rejected) and lay, defaced and 
distorted, among the dSbris at the foot of the front of the target. At these experi- 
aients were present experts from the principal Jiations of Europe, and among them 
all there was but one opinion, namely, that the object of the artillerist in designing 
ships^ guns for the future must be to endeavor to gain, by means of large calibers and 
enormous projectiles, the greatest possible total energy of blow. Plates of such qual- 
ity as those tried at Spezia cannot be pierced, or, indeed, destroyed in any way, by 
projectiles from moderate-sized guns. The side of the ship must be driven in by the 
siugle blow of a huge projectile delivered from a monstrous piece of ordnance. This 
is what the future seems to have in store for us, and it can hardly be said that the 
prospect is satisfactory. It is necessary to correct a stfitement which appears to have 
j^ot abroad that in the experiments against the stesel an<l compound platos the 100 ton 
Oreech-loader was used. Not so — the gun was the 100-ton muzzle-loa<ier; l)ut it was 
;;enerally understood at Spezia that the breech-loader will before long Vm fired at a 
new 19-inch Schneider plate, which is already on the practice ground. 



January 13, 1883. 

MR. W. W. HUBBELL'S PROPOSITION. 

Mr. HxjBBELL completed his proposition by filing a model of the gun 
proposed by him. 

STATEMENT OF H. F. MANN. 

Mr. H. F. Mann, of rittsburgh. Pa. Mr. Chairmau, under the act of 
Congress approved March 3, 1881, a Board of Officers was convened — 

To make examinations of all inventions of heavy ordnance and improvements of 
heavy ordnance and projectiles that may be presented to thnm, including guns now 
being constructed or converted under direction of the Ordnance Bureau; and said 
Board shall make detailed report to the Secretary of War, for transmission to Congress, 
of such examination, with recommendation as to what inventions are worthy of actual 
test, and the estimated cost of such test. 

Being the inventor of valuable improvements in breech-loading rifled 
ordnance, and projectiles for breech-loading rifled ordnance, I submitted to 
that Board, by model, drawings, arguments, and records, my said improve- 
ments, respectfully requesting its favorable consideration and action. 

The report of the Board — known as the Getty Board — was transmitted 
to Congress by the honorable Secretary of War, under date May 29, 1882. 

By that report I learned that the Board had refused to recommend 
my system of breech-loading rifled ordnance as being Worthy of actual 
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test, and assigning certain reasons for its refusal, which reasons I con- 
sidered were not warranted by an^' statement made by me, or any fact 
presented, or any information that is within the knowledge or exx>erience 
of the Board. Believing, therefore, that the Board had done me very 
great wrong and injustice, I immediately submitted to both houses of 
Congress a memorial protesting against the action of the Board. Said 
memorial and protest reads as follows : 

To the Senate and House of Representatives of the United States in Cof^ 

gress assembled : 

I respectfully represent that I am a citizen of the United States; 
that I am the inventor of a system of breech-loading ordnance which 
I verily believe possesses superior merits as to simplicity of construc- 
tion, strength, durability, and facility for easy loading and rapidity of 
fire, and that if properly tested would demonstrate its great value ta 
the government either for field service or coast defense. 

I would further state that I submitted m}' system of breech-loading 
rifled ordnance and projectiles for rifled ordnance by model, drawings^ 
descriptions, and argument to "The Board on Heavy Ordnance and Pro- 
jectiles,^' appointed in pursuance of the act of Congress approved March 
3, 1881, requesting its favorable consideration and recommendation of 
my system as being worthy of actual test. 

That the said Board has reported the results of its examination and 
made recommendations, which report and recommendations were trans- 
mitted by the honorable Secretary of War to the Senate under date 
May 29, 1882. 

[Extract from report of the Board,] 
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28. H. F. Mann's Flak fob Gun Construction and Breech Mechanism.— This 
UB consists of a cast-iron barrely bound around the powder chamber by steel bands, 
t is 30 feet in len^h, weighs 92,000 pounds, and is balanced on its trunnions. The 
breech feimeture is held to the trunnions by heavy steel straps, the whole arrange- 
ment weighing 37,000 pounds additional to the weight of the barrel, giyine a total 
weig:ht of 129,000 pounds. This fermeture is the characteristic feature of the gun, 
and is the invention of Mr. Mann. The principal objection to it is its g^eat weieht^ 
but iurther, it necessitates the turning of the barrel of the gun on its trunnions 
through an arc of about ten degrees and back again at each discharge, requiring the 
expenditure of more time and force than for either the Krupp wedge or the slotted 
screw system. The piece possesses no advantages over the cast-iron gun bound with 
steel bands and with the screw fermeture, recommended by this Board for trial, nnleas 
it be that it gives greater security asainst transverse rupture. Trials, however, of 
guns of similar construction, but with the simple screw fermeture, have proved suc- 
cessful with moderate limits of powder pressure — all that is claimed for the design 
of Mr. Mann, as is evidenced by his powder charse and weight of projectile. The 
only apparent merit of the structure consists in relieving the body of the ffun from 
longitudinal strains, and transferring them through the detached breech by means 
of steel straps to the trunnions. But in view of the objections, set forth above, to 
the fermeture itself— the specialty of Mr. Mann's invention — this Board fails to see 
sufficient reasons for recommending the gun for construction and trial. 

That yoar memoriali8t learns from said report that the Board refused 
to recommend that a breech-loading gun upon my system be constructed 
for trial by the government, and assigning certain reasons for its action, 
some of which reasons your memorialist verily believes do me very great 
wrong and injustice, and are not warranted by any statement made by 
me to the Board, or by any fact presented, or any information that is- 
within the knowledge or experience of the Board. 

1st. The Board charges me with presenting for its consideration a 
" plan for gun construction and breech mechanism.'^ Referring to its 
report, it says : ^''2%, H. F. Mann's plan for gun construction and breech 
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mechanisiD,'' and proceeds to discuss the construction of the barrel of 
my breech-loading system, which was not submitted by me as a ^'plan 
of gun construction," but was shown only as a means of embodying my 
system of breech-loadiug. This was so stated in distinct terms by Proh 
K. H. Thurston in his argument in presenting my system to the Boards 
His statement was as follows : 

The method of construction of gun-barrel is one with which we are not specially 
concerned. This system, of course, adapts itself to any construction of gun-barrel^ 
but in my own mind tlere is no question ae to the propriety of constructing the bar- 
rel of the strongest, the most homogeneous, and at the same time toughest metal 
that we can make. If, however, we are restricted in cost, it becomes necessary to 
construct it of a cheaper metal ; and if we have to construct it of a cheaper metal, we 
propose to use cast iron — i. f., ordnance metal. The general plan of construction ifr 
that indicated on the drawings here presented. 

To show further, if necessary, that I did not present any system of gua 
construction, but only a system of breech loading, and proposing the use 
of any construction of gun-barrel that might be found to be reliable, the 
following from the record shows : 

Comparing this gun with others, we think we have brought forwfurd the simpleal 
form of gun construction (meaning the breech-loading gun as a whole), the Bsaest, 
the easiest to design, and a gun more quickly worked than any gun yet invented. The 
external reinforcement, we think, will spve greater strength than the cast iron alone 
oan have. Of course we prefer to make that barrel in the best metal, the best-* 
-which is also the most expensive — steel. 

General Tower. There is nothing particularly new in your barrel — the novelty Ue» 
in your manner of breech-loading system t 

Mr. Thurston. No; there is nothing peculiar in the barrel of the gun. What is 
claimed is the construction of a barrel, open at both ends, olosed at the breech by 
mei^is of mechanism independent of the barrel. 

General Tower (to Mr. Mann)* Then you call yourself the inventor of that method f 

Mr. Mann. I consider myself the inventor of that system of opening and closing 
the breech. 

General Tower. That isjyrour point T 

Mr. Mann. Yes ; to provide for all directions of expansion and contraction of the 
metal. I do not claim any special point in the barrel itself, except the manner of 
putting the series of bands at the breech. 

General Tower. You cannot claim anything beyond your specific arrangement of 
pieces t 

Mr. Mann. Nothing more than that. The form, as presented, is simply the form of 
ffnn designed, as the inventor would design it, to embody his invention. * * • 
we introduce no new material, but can utiEze any material that maybe brought for* 
ward as being the best. 

I protest, therefore, that the Board does me great injustice in consid- 
ering that I presented to it a plan of gan construction, and makes that 
one of the reasons for rejecting my system of breech-loading — at the 
same time the Board well knowing that the constmction of barrel pre- 
sented by me as a means of embodying my invention and system of 
breech-loading is substantially similar to those of guns that have here- 
tofore given good practical results under tests of service, and is also 
substantially similar to the 12-inch breech-loading guns recommended 
for test, but upon a different system of breech-loi^ing. As a gun con- 
struction, so far as the barrel is concerned, we propose to use what is 
known to be the best, wlien that question is decided; and it was so stated 
distinctly and repeatedly. I can use steel, wire wound, or any construc- 
tion of barrel that is known, by actual test, to be most reliable. 

2d. The Board objects to my gun on account of *'its great weight,'' 
and designates as a '^fermeture" a large portion of my gun proper. I 
contend that, as **fermeture«'' applied to the "Krupp wedge'' and the 
*' slotted" or "interrupted screw," my system of breech-loading has no 
"fermeture." 
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The total weight of my 12-iDch breech-loading rifled gun is stated as 
being 129,000 pounds, and the bore "30 feet in length," or 30 calibers. 

One of the two 12-inch breech-loading rifles, on the interrupted screw 
system, recommended by the Board, weighs 127,284 pounds for 26 cal- 
ibers, or 26 feet in length of bore ; and the other 126,298 pounds, of the 
43ame length — ^26 calibers. If the 12-inch breech-loader proposed by me 
is reduced to the same length of bore — 26 calibers or 26 feet — as those 
recommended by the Boa^, it would be from 2,500 to 3,500 pounds liess 
in weight. 

3d. The Board states that " it necessitates the turning of the barrel 
of the gun on its trunnion, through an arc of about ten degrees, and 
back again at each discharge, requiring the expenditure of more time 
and force than for either the Krupp wedge or the slotted screw sys- 
tems." This statement of the Board, I protest, is not warranted by any 
statement made by me ; that no gun has ever been made or tried upon 
the plan I proposed; that there is no produced fact or theoretical rule 
that warrants such a conclusion. Upon the contrary, the records of 
the Ordnance Department show that in actual practice it frequently 
requires two men to open and close the breech of an 8-inch gun, in 
which the Krupp wedge is used, and it is safe to say that the same is 
true of the slotted screw system. While a theoretical calculation shows 
that a man with one hand would open and close the breech of a 12-inch 
^n constructed upon my system, I assert that a gun constructed upon 
my system of breech-loading can be loaded, fired, and reloaded in half 
the time required for the Krupp wedge or interrupted screw system. 

4th. The Board admits that my gun " gives greater security against 
transverse rupture." This is one of the points I claimed for my system, 
and is one of the most important questions connected with the ordnance 
problem ; guns, both breech and muzzle loading^ are constantly failing, 
under proof and in service, by transverse rupture, as witness the fail- 
ure by transverse rupture of the Woodbridge gun at the 93d round 
while under test by the Board ; and the failure by transverse rupture 
of an 8-inch Crispin breech-loader at the 3d round, and an 11-inch at 
the 18th round, and another 8-inch at the 127th round. Numerous 
other instances of the failure of guns could be cited from the records, 
showing the great difficulty of providing sufficient longitudinal strength 
in a gun to prevent transverse rupture. 

The Board say further in regard to my system of breech -loading : 

The only apparent merit of the structure consists in ivUeving the body of the gun 
from lo-igitudinal strains and transferring them through the detached breech by means 
of steel straps to the trunnions. 

This is very important ; one of the greatest difficulties in the solution 
of the ordnance problem has been to provide sufficient longitudinal 
strength to prevent transver^jc rupture. 

The Board, in its report, admits that my system of breech loading 
^* gives greater security against transverse rupture;" that I relieve the 
body of the gun from longitudinal strains, and transferring them through 
the detached breech by means of steel straps to the trunnions." 

If, upon fair trial of my system of breech-loading guns, the admis- 
sions of the Board, as stated in its report, should prove true, I believe 
that the solution of the ordnance problem is a comparatively easy one, 
and that we can secure, within the limits of our own resources, a safe, 
reliable, and durable breech-loading rifled gun. 

Having a large practical experience and some theoretical knowledge 
of the character, capacity, and strength of materials, and having given 
the subject of ordnance, as to its material and structure, much consid- 
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eration, I feel warranted in saying that the Board has failed to compre- 
hend tne advantages of my system of breech -loading ordnance, and I 
respectfiilly ask for its consideration by Congress. 

All of which is respectfully submitted. 

H. F. MAim. 

Pittsburgh, Pa., June 7, 1882. 

The Senate, at its last session, iustead of approving the report of the 
Getty Board, deemed it proper to appoint this joint Select Committee, 
to take into consideration the subject of heavy ordiance and projectiles, 
and make such recommendations as the committee might deem proper. 

Therefore, Mr. Chairman, I will try to discass, in my crude way, the 
subject of heavy ordnance, and to describe and illustrate, by models, 
drawings, and records, the superior merits of my system and improve- 
ments in breech-loading ordnance, and the inconsistency of the report 
I of the Board. And if in this connection I should say anything that seems 

to reflect upon the official honesty or unfairness of the Ordnance De- 
partment of the Army or any of its officers, I assure you I wUl keep within 
the records and facts. 

The Chairman. Before you proceed to the illustration, let me ask why 
do you insist on a gun of that weight and length! 

Mr. Mann. I do not insist upon it. I am not confined to weight or 
length any more than any other system or construction of guns. 

The Chairman. I thought it was said that the objection made to it 
was as to the length and the weight of the gun. 

Mr. Mann. The Board made that objection, and I. make that compari- 
son to show that the Board were in error and did me great injustice in 
considering my gun objectionable on account of its weight, because the 
gun as I propose weighs less than those they recommended. I only refer 
to that for the reason that the Board makes that as one of its objections 
to my gun on account of ita weight, when the weight for the same cali- 
ber and length of bore is less than that of the guns recommended by 
the Board. 

This fennetnre is the characteristic feature of the gun, and is the invention of Mr. 
Mann. 

They accuse me of bringing forward a 12-inch breech-loading gun, 
having a fermeture weighing 37,000 pounds, when in fact this 37,000 
pounds is a part of the gun proper. The fermeture, if it has one at all, 
is a cup-shaped disk, which is inserted in the rear end of the barrel or 
chamber, and would not weigh more than four or five pounds for a 12- 
inch gun. 

The Chairman. They used in that, I suppose, the fermeture of these 
steel straps that run from the trunnion back. 

Mr. Mann. They call that part of my gun, the parts that make up 
the gun (indicating the side straps, breech block, transom and screw), 
the fermeture of the gun. I say it is utterly inconsistent to put it in 
that way. The fermeture is that little piece ^indicating small cup- 
shaped disc) that is put into the rear end of the bore or chamber. 

The Chairman. How much does that attachment called the ferme- 
ture, including the straps, weigh — that connected with the trunnions to 
hold the fermeture steadily in place when the shell is out? 

Mr. Mann, Let me get, if possible, that question properly under- 
stood. These side straps, transom, and breech-block, and all as ar- 
ranged here, weigh, for a 12-inch gun of 30 calibers or 30 feet length of 
bore, about 37,000 pounds. 

S. Kt*p. JK>9 4 
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The Ghaibman. That is what they mean then, I presume? 

Mr. Mann. Yes; but I say that they do me injustice in calling it the 
fermeture, and objecting to it because of its weight. The fermeture, a» 
applied to the Ejrupp wedge system, and the slotted screw system in 
my gun, would weigh only four or five pounds. It is simply a little cup 
that is inserted in the rear end of the bore or chamber. 

The Chairman. What you describe is the part that goes into the gun 
and presses up against the shell! 

Mr. Mann. Yes, sir; or rather against the powder charge that closes 
the joint between the junction of the bore and breech-block. That i& 
the fermeture to my gun, if it has one. 

The Chairman. They may have included more. Now, you say you 
include the straps that connect with the trunnions and hold fast the 
fermeture there, and all that apparatus taken together does weigh 
37,000 pounds! 

Mr. Mann. Yes, sir; that is the estimate made of the weight. 

The Chairman. Now, what will the gun weigh! 

Mr. Mann. The gun or barrel, I presume you refer to, is estimated ta 
weigh 92,000 pounds. 

The Chairman. That is, the gun weighing 92,000 pounds, and all the 
other apparatus connected with it weighing 37,000 pounds, the whole 
.would be 129,000 pounds! 

Mr. Mann. Yes, sir ; that is a correct statement of the estimated 
weight of the gun, but the side straps and other arrangements here are 
part of my gun as a whole. It is not a fermeture, but the parts that 
Airnish longitudinal strength to the gun, and gives, as the Board ad- 
mits, ^^ greater security against transverse rupture." 

The Chairman. I understand; but it makes the whole gun weigb 
129,000 pounds. 

Mr. Mann. Yes, sir ; and it is a lighter gun than two of the guns 
they recommended by several thousand pounds. 

The Chairman. My idea is to get at what makes up the weight. 

Mr. Mann. But you see, Mr. Chairman, the point I make is that parts 
of my gun proper is called by the Board the fermeture, and they object 
to it on that account. It would not be a Mann breech-loading gun 
without these side straps and arrangements that make up the complete 
gun. 

The Chairman. It would not last very long, I should think. 

Mr. Mann. It would not last very long, neither would it then repre- 
sent my system of breech loading. Here is a model of a breech-loading^ 
gun with the slotted screw fermeture [exhibiting] model, and here is 
the illustration of one of the systems presented to the board by the 
Chief of Ordnance (referring to drawings of a breech-loading gun on 
the slotted screw system, having a cast-iron barrel banded with steel 
bands and weighing 127,284 pounds). Here is the Krupp system, with 
the wedge fermeture [exhibiting model]. 

The Chairman. That is the Krupp gun! 

Mr. Mann. Yes, sir. 

The Chairman. How long is it since that has been invented ! 

Mr. Mann. That is a pretty difficult question to answer. A recent 
number of The Engineer gives an illustration of a beautiful breech-load- 
ing bronze gun, showing the wedge formation for closing the bore, made 
in 1650. Piobert, in 1845, gives a description and illustration of a breech* 
loading gun having a wedge formation for closing the breech, and gives 
1439 as the date when it was made or invented. 
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Another point the Board makes against my gun is that — 

The principal objection to it is its great weight, but further, it necessitates the 
turning of the barrel of the ^un on its trunnions through an arc of about ten degrees 
and back again at each discharge, requiring the expenditure of more time and force 
than for either the Krupp, wedge, or the slotted-screw systems. 

Now, in opening and closing tiiis gun, a 12-inch gun, 30 feet long, or 30 
calibers, the muzzle or extreme end of the gun moves in the arc of a circle 
about 36 inches. That does not seem to me to be very objectionable to a 
gun that is 30 calibers or 30 feet long. In opening and closing the breech 
the muzzle is moved about 36 inches downwai^, while the breech end 
of the barrel is raised about 15 to 18 inches, exposing the end of the 
bore — a chamber — so that it can be .readily loaded without difficulty. 
We enter the shot and charge at once in the end of the gun. We do 
not have to pass it through 20 to 40 inches before we get them into the 
chamber, as is the case with the wedge or slotted-screw systems of breech- 
loading. They go immediately into the chamber. 

Now, for the !^upp system, as illustrated here. If we fire at an angle 
of 10 degrees, more or less, we must tip the gun up so as to get the shot 
and charge in here (illustrating). We cannot very well loswi a breech- 
loading gun by having it at a considerable elevation, because of the great 
weight of the powder and shot that must be pushed up this inclined 
plane. In opening the bree<!h of my gun, preparatory to loading, I put 
the inclined plane the other way. In loading guns with either Krupp, 
wedge, or slotted screw, you have to pass all these delicate breech-clos- 
ing arrangements to get the shot and charge into the chamber. I put 
them directly in at the end of the bore. So it is with the other guns ; 
you have to move them in the arc of a circle or load up an inclination. 
I have the advantage, because I move mine so that we load down hill, 
if you please. 

The Chairman. Do they not do the other that way t 

Mr. Mann. No, sir; if they move so that they load downhill, as I do, 
they have to move their gun in the arc of a circle twice the distance I 
have at the same elevation. Do you see the point! 

The Chaibman. No, I do not see that point. 

Mr. Mann. We will suppose that the gun is at 10 degrees elevation. 
Now, to load down-grade, as I do, they have got to pass the level and 

The Chairman. Suppose the gun is on a level! 

Mr. Mann. Then they have to load on a level. 

The Chairman. I do not say that they have, but they may do it. 

Mr. Mann. Pardon me, they may do it. If it is at an elevation they 
must load up-hill, or bring it to a level or a depression. If my gun is 
at 10 degrees elevation I throw up the breech, and we load on a level 
without disturbing the elevation of the gun for firing. 

The Chairman. That is the same principle precisely, because if this 
is on a level, or if it is at 10 degrees elevation and there is nothing to 
the rear of it, you can load on a level or turn it, and there is nothing to 
prevent the shell going in. 

Mr. Mann. No. I am speaking of the Board's objection. I am not 
speaking of what is actually the faot as to the loading of the gun. I 
am speaking of the objection. The history of the loading of this gun, 
the Krupp — and the same is true as regards the Slatter screw system — 
the record shows that when they are firing these guns at an elevation, 
esx)ecfally if at a considerable elevation, they must bring them to a level 
or to a depression in order to load them. 

The Chairman. Yes, and I suppose they would have to do yours the 
same way. 
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Mr. Mann. No, sir. If my gun is at 10 degrees elevation it comes to 
a level when we open the barrel for loading. Suppose it is at 10 degrees 
elevation, when we throw the breech of the barrel up ready to load, the 
bore is on a level. If we are firing at what they call point-blank range, 
we give it a depression of 10 degrees, and it would be loaded down here 
[illustrating] instead of on a level; and we introduce the charge right 
at the end of the bow of the gun, instead of passing it through delicate 
breech closing arrangements, as is the case with the Krupp, wedge, and 
slotted screw systems. 

The Chairman. Where a shell is swung by an apparatus, as it has 
to be with such an iuimeuse weight, what is the difference whether yoa 
load at an elevation or on a level? 

Mr. Mann. There is quite a difference when you undertake to put your 
six or seven hundred-pound shot up an inclination or grade of 10 degrees, 
or whether you move it at a level, or down the inclination. Take any 
such gun as this, and your shot and charge have to pass this delicate 
slotted-screw arrangement or the Krupp-wedge arrangement, as illus- 
trated here, and it makes quite a difference whether you put it in that 
direction or simply in the smooth surface, as in mine. Not only that, 
but before you load at all, you introduce a cylinder or trough into these 
guns to protect them. You have many more appliances to handle. I 
have nothing of that kind at all. 

The Board says that to open and close the breech of my gun it requires 
the << expenditure of more time and force than for either the Krupp or 
slotted-screw systems." This I most emphatically deny. The Board 
has no practical knowledge on this question, as there has never been a 
gun made upon the plane I submitted to them* How, then, can they know? 
Theoretically, one man will open and close the breech of a 12-inch gun 
made upon the plan I submitted to the Board. 

The records of the Ordnance Department show — they are here be- 
fore me — ^that in operating an 8-inch gun made on the Crispin plan, 
with the Krupp weilge like this [exhibiting models and drawings], it 
frequently takes two men and the use of a crow-bar to open and close 
the gun, to move this wedge out and put it baek again. In the 100-ton 
Italian gun, which is on the slotted-screw system, they have to move a 
breech screw that weighs nearly 2,000 pounds ; they have to take out 
part of the gun, and swing it around, requiring the force of a four horse- 
power st'Cam engine; you have to do that in addition to the weight of 
the shot, handling the shot, putting it through the slotted-screw arrange- 
ment. Shot weighing over 2,000 pounds has to be put across this slotted- 
screw arrangement, about 24 inches before you enter the rear end of the 
chamber. We enter the rear end of the chamber of my gun at once. 
There is no screw to pass; there are no delicate fixtures to pass. With 
the Krupp arrangement, you have to pass through that great length to 
reach the chamber. 

Here is the drawing of the 12-inch Crispin gun, which shows that be- 
fore you can enter the rear end of the chamber the projectile and powder 
must pass through a space of 38 inches. In my gun we do not pass an 
inch until we get to the rear end of the chamber; we are right there 
when the gun is opened. The Board objects to my gun for such reasons, 
which to my mind are simply absurd, and without any foundation in 
fact. 

I will repeat the question of the amount of power to operate the 
gun. I stated that it frequently required two men, with a bar, to operate 
an 8-inch or 11-inch Crispin gun with the Krupp wedge ; how many 
it would take to operate a 12-inch gun I do not know. Probably it would 
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take four or more, because the weight of the wedge increases enormously 
with the increase of the size of the gun. There never has been a gun made 
on my system with this arrangement for opening and closing the breech, 
so that the Board is entirely in error in stating that it requires more time 
and force than it does to operate the Krupp gun, or guns made on the 
slotted-screw system. A practical trial will fully demonstrate that a 
breech-loading gun constructed upon the plan proposed by me can be 
operated with less force and in one-lialfthe time required to operate guns 
of the same caliber made on the Krupp- wedge or slotted-screw systems. 

The Chairman. What gun did they adopt f 

Mr. Mann. They have recommended for test 8 guns all on one sys- 
tem of breech loading. 

The Chairman. What system is that t 

Mr. Mann. The slotted-screw systom. I will say in this connection 
that it is fair to suppose the Getty Board was organized to make exami- 
nations to see what tests should be made by the government in order to 
secure the best gun and the best system of guns for adoption by the 
government. How are we to determine what system is the best by 
making 8 guns all on one system f Should we not make and test guns 
on different systems in order to ascertain which is the best f And why 
should we make for test some of the guns recommended by the Board 
at all f The records are full of the history of these guns that the Board 
have recommended. The French and Italian system with the slotted- 
screw breech-closing arrangement submitted to the Board by General 
Ben^t, Chief of Ordnance, is a well-known and well-tried system, and in 
my judgment any further test of it by the United States would be a waste 
of time and money. The merits of the system have been settled. The 
French, Italian, and other governments have adopted it, and large num- 
bers of guns have been made and put into service. Why come here and 
ask the Congress of the United States to appropriate money to go on 
and rehash those tests t Why not take the records of the tests of those 
guns in the French and Italian and other services f What we want is 
to try to get a better gun. . 

The records show that this has been known to the Ordnance Depart- 
ment for years. I desire to call the committee's attention to some of 
those records. Here is Kaval Mission to Europe by Simpson, in 1870-72, 
volume 2 ; illustrates and describes the system we are now considering. 
The Getty Board recommends for test two cast-iron guns on this French 
and Italian system of construction. The French use a cast-iron body 
with a steel lining tube, extending about half the length of the bore 
inside, and two sets of steel bands on the outside. The Italians use 
the cast-iron body with the t^o sets of steel bands on the outside, dis- 
pensing with the steel lining tube. That system has not heretofore 
been considered by the Ordnance Department as a proper thing to test. 
Why spend money to test those guns when the records show they have 
been, time and again f 

The Chairman. Tested by the French and Italians f 

Mr. Mann. Yes, sir. 

The Chairman. Have they proved successful f 

Mr. Mann. They have proved successful, so that they are in the serv- 
ice. Here is the illustration of a gun in Simpson's report [exhibiting an 
illastration of a 28.55 centimeter gun mounted]. There is another [ex- 
hibiting illustration of a 24 centimeter gun mounted]. There is the sec- 
tional drawings of it, the same as that [showing drawings] of the gun 
recommended by the Board. Can you see any difference? Also, see 
report of Cbief of Ordnance for 1877, containing the report of Colonel 
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Laidley, Major Benton, and Major Crispin who, under War Department 
orders dated May 22, 1873, iiroceeded to England, France, rxerniaiiy, 
Austria, and Russia **for tbe i)urpo8e of collecting information in regard 
to the construction of heavy cannon and other ordnance manufactures." 
In this report (page 540) we find a description of the Swedish breech- 
loader on the slotted-screw system and the ** body of the gun is made 
of east iron reinforced with steel rings.'' On page 541 a description of 
the French breech-loading gun is given, and illustrated by Figs. 60 and 
61, showing the slotted-screw system applied to a gun having a east- 
iron body banded and tul>ed with steel. So we see the Ordnance De- 
partment has been <^ alive" to the best interests of the government, and 
General Ben^t, Chief of Ordnance, in his report for 1876, page 10, says 
under the head of " breech-loading cannon ": 

The subject basi therefore, not escaped the attention of this department, and the 
Board on Experimental Guns, of date tbe 10th June, 1875, ^^recognizing breech-loading 
rifles for casemate service to be a great deaideratnm, believe that a portion of the ap- 
propriation should be expended in this direction," and recommended "that a sum- 
cient sum be used for tbe conversion of two 10-inch smooth-bore Rodman cast-iron 
guns into 8-inch breech-loading rifles,'' submitting at the same time specitic plans of 
alteration, &c. 

Here is an illustration of the 100-ton Italian gun [exhibiting draw- 
ing of the guni fired successfully; only carrying the construction to 
the higher calioers. What difference is there between that illustra- 
tion and this? Why go through with tests with guns made upon 
(hat system when it has been so well tested by the French, Italian, 
Swedish, and other governmentsf I say, to-day, if the government 
wants that kind of gun, give the contracts and let them be made, and 
not waste time and money in going over these tests again. We can 
make the best cast-iron gun here that is made in the world, with the 
exception of, possibly, the Swedish gun foundries, and I doubt whether 
we are not equal to them. We can make the steel bands of any quality' 
desired. If these are the kind of guns we want, as recommended by 
the Ordnance Department and the Getty Board, why not make them ? 
But I say we want a better gun, a better system of breech-loading, anrl 
can produce it. But why should we make eight guns, five of them sub- 
stantially alike in gun construction, and all on one system of breech - 
loading f Why not try some other plan ? We know what the slotted- 
screw and what the Krupp systems are. We know they meet with 
difficulties; we know that the screw gets clogged ; we know that the 
wedge sticks fast, preventing continued and rapid firing in many cases. 
Let us try and see if we cannot get something better. What has the 
Ordnance Department been doing all this time that its chief now comes 
forward and submits to the Getty Board these plans of guns on the 
French, Italian, and other systems? They have been well known for 
years. Here are the illustrations and records made by officers of the 
government. [Exhibiting.] The records are full of them. I could con- 
sume your time for days in showing records and reports in regard to 
these guns and others of similar construction. 

I perhaps could answer the question why the Ordnance Department 
bMA not been bringing forward these guns that it now submits as a 
l>roper system to test. 

The CkAiRMAN. Which guns! 

Mr. Mann. These guns that they present to the Getty Board which 
is the slotted-screw system of breech loading ; some with cast-iron body, 
landed with steel, some with steel tube wire wound. 

The Chairman. If jou can answer it, sui>pose you do. I should like 
to know. 
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Mr. Mann. I will try. This, remember, is the slotted-screw system. 
The Ordnance Department, as the records show, appears to have been 
devoting all its energies, since about 1875 or 1876, to the making, test- 
ing, and introduction into the service of what has been represented to 
Congress and the people as the Krupp system — the well-known and 
well-tried Krupp system — ^but, in fact, the Crispin patent syst-em with 
the Krupp wedge. ' Crispin was chief constructor of ordnance and presi- 
dent of the Ordnance Board that had charge of the construction and 
testing of guns. 

The Chairman. Do you say he is now f 

Mr. Mann. He is not now. About a year ago when some of his guns 
went to pieces when under trial, one on the third, one on the eighteenth, 
and one on the one hundred and twenty-seventh round, and some other 
things occurred that I understand he was guilty of, he was relieved 
from his position. There is a copy of Crispin's patent, dated January 
16, 1877. [Exhibiting Ko. 186,308 for " improvement in ordnance."] 

Here are the illustrations of the guns as having been made by the 
Ordnajice Department upon which they have devoted their energies, 
and a large expenditure of money and time during the past 10 years, 
until within a very short period, until these guns failed under proof. 

The Chairman !^ They have failed! 

Mr. Mann. They have failed utterly j past redemption. 

The Chairman. How much has it cost the government? 

Mr. Mann. I suppose there have been expenditures with the Crispin 
system of guns, probably amounting to over half a million dollars ; I 
should say not in the making of the guns, but in making and testing 
them. 

The Chairman. Has Crispin a patentf 

Mr. Mann. Yes, sir. Here is the American patent dated January 16, 
1877, No. 186,308. 

The Chairman. You say that Crispin was the president of the Board? 

Mr. Mann. He was the president of what was known as the old ord- 
nance board, a permanent board in New York, that had charge of test- 
ing ordnance. He was also chief constructor of ordnance, having 
charge of the construction of ordnance. 

The Chairman. Did the Ordnance Department know that he was the 
patentee of these guns when he was appointed on that board? 

Mr. Mann. He bccured his patents after he was appointed on the 
board; he was not the patentee when he was appointed on the board. 

The Chairman. Who was? 

Mr. Mann. He was appointed on the board shortly after the report 
of the Board organized under the act of Congress of June 6, 1872. I do 
not know the date of his appointment; it is a matter of record; but it 
was probably in 1873 or 1874 that he was appointed president of that 
board and chief constructor of ordnance. He obtained these patents 
while he was president of the ordnance board and chief constructor 
of ordnance ; and it is fair to presume that the Chief of Ordnance knew 
of his having obtained them, and that these patented features were be- 
ing introduced into the guns under construction by the Ordnance De- 
partment. 

The Chairman. Was he the owner of that patent at that time? 

Mr. Mann. I suppose he was the owner of the patent. It appears on 
record that he made the application and the patent was issued to him. 
I do not know whether he disposed of his patent or not. I understand 
not, for I understand that immediately after he ma<ie his statements to 
the subcommittee of the Sennte A[)propriations Committee, two years 
ago, that there was no provision for rovnlty to be paid on these guns 
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which were being made on his patent ; but he did make a demand foi 
royalty and received it. 

The Chairman. Eeceived it from whom! 

Mr. Mann. I understand that he received it from Paulding, Kemble 
& Co., of the West Point foundry. I do not know it as a fact, 1 only 
know it as hearsay; but I understand that is the fact, and I have 
no doubt it can be shown to be true. I understand that he made a de- 
mand upon both the South Boston Iron Company, and Paulding, Kem- 
ble & Co. The South Boston Iron Company, I understaod, refused to 
pay ; refused it. 

The Chairman. Had they made any of his gunst 

Mr. Mann. I will give you a brief history of it. 

The Chairman. Just answer. 

Mr. Mann. Yes, sir. 

The Chairman. How manyf 

Mr. Mann. They made one 8- inch; the Ordnance Board tested that, 
and they contracted for five more 8-inch, and for one 11-inch, and for 
four 12-inch. The 8-inch and 11-inch are converted guns, but the 12- 
incb was to be new guns ; but they are all on the Crispin patent. 

The Chairman. At what price f 

Mr. Mann. I think the 8-inch guns were conversions of 10-inch Bod- 
man guns, and it cost about $7,0^ each to convert them. The 12-inch 
guns were to be made at a cost of $46,000 each. 

The Chairman. How much would each gun weight 

Mr. Mann. One hundred and ti^enty thousand two hundred and 
twenty-four pounds is the estimated weight of the 12-inch guns ^ the 
8-inch weigh about 17,000 to 18,000 each. 

The Chairman. How much ought they to have costt 

Mr. Mann. It was represented, I understand, to the Congressional 
committees. 

The Chairman. I do not care what was represented. You are a gun- 
maker, as 1 understand Y 

Mr. Mann. I am in one sense a gun-maker, and in another sense I 
am not; I have no gun factory. I am not prepared to say, but what for 
making a first experimental gun that is a reasonable price; but to make 
four, I think perhaps they might be made for less, probably for $40,000^ 
they are a pretty expensive gun to make. There is a steel part or 
socket used in these guns 42 inches in diameter, and forms the breech 
extension to receive the Krupp wedge. 

The Chairman. But I am inquiring about the gun that was made. 

Mr. Mann. Not one of the twelve-inch guns have been completed. 

The Chairman. I thought you said thei*e were four. 

Mr. Mann. They were under contract and in course of constmction, 
but when the eight-inch and eleven-inch guns failed while under test, 
which was before the contractors had cast the first one for the twelve- 
inch construction, as I understand, work was stopped, and remains in 
that condition to-day. 

Mr. Chairman. I desire to call attention to another point, showing 
the inconsistency of the rex>ort of the Getty Board, and should be, in 
my judgement, a sufficient reason for the rejection by Congress of the 
entire report. The law under which the Board was convened made it 
the duty of the Board — 

To make examinations of all inventions of heavy ordnance and improvements in 
heavy ordnance and projectiles that may be presented to them, inchiding guns now 
being constrncted or converted under direction of the Ordnance Bureau ; and said 
Board shall make detailed report to the Secretary of War for transmisbion to Con- 
gross of such exnminatiou. 
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In this examination they were to ^' incluAe guns now being constructed 
or converted by the Ordnance Bureau^'" and " maJce detailed report,^ yet 
notwithstanding this express instruction^ and the fact that three guns, 
constructed or converted by the Ordnance Department, failed while under 
test during the sessions of the Board — ^an 8-inch at the third fire, a 
11-inch at the eighteenth Are, and an 8-inch at the one hundred and 
twenty-seventh fire, breech-loading guns, all converted upon the Cris- 
pin patent — ^the report of the Board, so far as I have been able to dis- 
cover, contains not one syllable in reference to the failure of these guns. 

You were asking me the reasons why the Ordnance Department had 
not taken up and tested these slotted-screw arrangements. I want to 
call your attention now to a matter of record — the recommendations of 
the Ordnance Board appointed under the act of Congress approved June 
6, 1872, of which General Getty, the president of the Getty Board, was a 
nember. The guns recommended for test by that Board were selected 
from some forty different plans. These were — of muzzle-loaders : Dr» 
Woodbridge's wire- wound gun and Mr. Hitchcock's wrought-iron and 
converted guns ; of breech-loaders : Krupp's, Sutclifte's, Thompson's, 
French, and Swedish — that is the gun recommended here by the Getty 
Ordnance Board — Mann's, and Lyman's multicharge. 

In this list of guns selected by the Board for trial, no reference what- 
ever is made to the Crispin patent breech-loader. The records do not 
show that any plan or description of this gun was before the Board of 
1872, and it could not have been, for it was evidently designed subse- 
quent to the meeting of that Board, and the patent was applied for by 
Colonel Crispin on December 1, 1876. 

It is claimed by General Ben^t, Chief of Ordnance, and Colonel Cris- 
pin, that the making, testing, and introduction into the service of Cris- 
pin breech-loaders is fully warranted, and was provided for by the reso- 
lution of the Ordnance Board in its resolution of August 15, 1872. There 
were two resolutions passed by the Board on that date. The first one 
is as follows : 

Besolved, That the Board recommends, in order to test the system of gun-conversion 
by lining with wroaeht-iron or steel tubes (as brought to the notice of the Board in 
a commnnication addressed to the Chief of Ordnance by MaJ. S. Crispin, and referred 
to the Board by the Ordnance Bureau), that four 10-inoh smooth-bore Rodman guns 
be converted to muzzle-loading rifles, using two calibers; two of the guns to have a 
caliber of not less than 8 inches, and two to have a caliber of not more than 9 inches; 
and, further, that two of the guns be converted by tubing from the rear end and two 
by tubiuff firom the front ; the ^araoter of the metel lining, whether of steel or wrought 
iron, and other details of conversion, to be determined by the War Department. 

There is not one word in regard to a breech-loading gun of any kind 
in this resolution, and certainly does not provide for the Crispin breech- 
loader. 

The second and only other resolution passed by the Board on August 
15, 1872, reads as follows : 

Beaolvedf That the Board recommends, in order to test the efficiency of the French 
and Swedish breech-dosing arrangement, that a ten-inch Rodman smooth-bore gun, 
converted to a rifle in such manner and of such caliber, not less than 8 or more than 
9 inches, as may be determined b^ the War Department, and conditional upon the 
success of tests, with the four lO-mch guns converted under the previous resolution, 
be provided with that fermeture, and the gun be submitted to test and experiment 
under the act of June 6, 1872. 

1 1 will at once be seen that this resolution contemplated a test of '^ the 
efficiency of the French and Swedish breech-closing arrangement^' — 
which is the slotted screw and not the Krupp wedge — by the conversion 
of a 10-inch Rodman smooth-bore gun into an 8-inch or 9-inch breech- 
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loader, provided with the French and Swedish fermeture — the slotted 
screw. There is no reference in these resolutions to the Krnpp ^m, 
Krupp wedge, or Crispin patent. 

The recommendatioDS of the Board of 1872 in regard to the Krapp 
^an contemplated the purchase of Mr. Krapp, for trial, a 12-inch steel 
gun — nothing more and nothing less — and this was the only recom- 
mendation of the Board in regard to any test of the Krupp gun or 
the Krupp wedge. But the Board did clearly contemplate, and did 
recommend, a test of the slotted screw or French and Swedish breech- 
olosing arrangement,«by its introduction into a 10-inch Rodman gun, 
conditioned upon the success of the converted muzzle-loading guns re- 
ferred to in the first resolution. 

The Crispin gun is an after-thoughtj and comes up three or four yearn 
after the Board of 1872. 

The first recorded indication of it is in 1876, through the Ordnance 
Board of which Colonel Crispin was president. It is subsequently smug- 
gled in under the guise of the well-known and well-tried Krupp system, 
reciving the unquaMfied indorsement of the Ordnance Board of which 
Orispin is president, and is as unqualifiedly approved and indorsed by Gen- 
«mal Ben^t, Chief of Ordnance. 

Meanwhile the guns that were recommended for test by the Board of 
1872, and procured years ago at considerable cost to the government, 
have remained untried, and, as a result, their respective merits are unde- 
termined and unknowu. They have been in possession of the Ordnance 
Department since 1876, and some of them long before that date. The 
excuse given by the Chief of Ordnance has not been that they did not 
possess sufl^cieut merit to warrant their being tested, but that there were 
no funds under the control of his department that could be used in testing 
their guns. While at the same time funds could be found with which 
to make and test official inventions and guns that were not provided for 
by law, or recommended except by a Board whose president was the 
patentee of the inventions and guns thus put forward to the exclusion 
of all others. 

This is what I complain of. This is why I contend that the Ordnance 
Department is acting unfairly towards the citizen inventor and not for 
the best interests of the government. 

It would seem that the Ordnance Department has been devoting most 
of its energies and efforts, aud spending the public funds, in building 
up and fostering what is termed by some "Corjis pride,'' and advancing 
the personal interests and schemes of some of it« favored officers. But 
I am glad to know some of the officers of the Ordnance Corps do not 
approve of such a system of management by the Ordnance Department. 
They have found money and means to go on and convert a large number of 
guns which may possibly be all very well so far as second-class muzzle- 
loading guns are concerned, if it was not for the defective coiled tubes 
used in them ; but they have failed to test the systems recommended by 
the Board of 1872, They have not tested one of them. Other plans 
and valuable improvements in ordnance have been brought to the notice 
of the Chief of Ordnance, and also the chief constructor of ordnance, 
but have met with no favor at the hands of the Ordnance Department. 
The guns have been made at large expense and lie at Sandy Hook all 
this time; yet they find money to make the Crispin gun and introduce 
it into the service to the exclusion of everything else ; aud then when 
the Getty Board is organized, they come before it with another system of 
breech-loading, and other systems of gun construction that have been be- 
fore them all this time, and that were recommended by the Board of 1872. 
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Why did they not test them ? It would not have cost them two thousand 
dollars to convert a 10- inch Bod man gnu on the French and Swedish 
system of breech-loading, but Crispin has not a patent on it, and it was 
not done. 

While I am on that branch of the business I desire to call your atten- 
tion to another matter that may interest you. I have here from the 
United States Patent Ofiice a certified copy of the file wrapper and 
contents in the matter of the letters patent granted to Silas Crispin 
January 16, 1877, Ko. 186308, for improvement in ordnance. In this 
file we find this letter: 

New York, December 30, 1U76. 
Hon. Commissioner of Patents: 

Sir: 7» re application of Silas Crispin for breech-loading ordnance, filed Decem- 
ber 1, 1876, we shall be glad to have early action on the above case, in view of the 
fact that arrangements perfected for the immediate mauafacture of the ordnance and 
delayed to await the issne of the patent. 
Very respectfaUy, 

MUN80N & PHILIPP. 

Manson & Philipp were the patent solicitors for Crispin and acting 
as attorneys for him. 

The patent issued upon this application is precisely the same as the 
guns made and tested by the Ordnance Department, and is dated Janu- 
ary 16, 1877, No. 186308. 

Colonel Crispin, chief constructor of ordnance and president of the 
Ordnance Board, delaying the government work awaiting the issuing 
of a patent ! Then when outside inventors come up here and find fault 
with these things, we are called "disappointed inventors," "schemers," 
^' muddling the brains of Congressmen." At the same time we see 
ofiicial inventors using the public funds upon their invention, and that 
with the knowledge and approval of the Chief of Ordnance. 

!Not only that ; he goes to the British patent office and he secures a 
patent there. It is true the English patent is not in his own name. 
Mr. B. B. Hotchkiss, through Mr. William Morgan Brown, patent solic- 
itors, of Loudon, takes out the patent, which is precisely the same as 
Colonel Crispin's American patent. The English patent is dated June 
5th, 1877, No. 2180, and no doubt is in the interest of Colonel Crispin. 

The Chairman. How could he take out a patent on a thing that he 
did not invent ? 

Mr. Mann. In England the first man who makes an application for 
a patent gets it, regardless of who invented it. 

The Chairman. Whether he invented the thing or not! 

Mr. Mann. Yes, sir; whether he invented it or not; and it is a very 
common thing for an American inventor to send over there and have 
some party there take out his patent. Here is a patent for a gas-check 
for breech-loading ordnance issued to Colonel Crispin February 11, 
1879, No. 212,197, that is introduced in these breech loading guns. It 
may be a very good thing. I am not finding fault with that, but I am 
finding fault with the process and methods. Here is the English patent, 
dated March 14, 1879, No. 1019, for the gas-check, the same thing as 
Crispin's American patent. We see these things going on and our guns 
laid aside when they have given as good results, so far as tested, as any 
gnn they have ever tested, and we want them tested. They have the 
money, they have the means ; money is covered back into the Treasury, 
and yet we must not comi>lain ; it is wrong ; we ought to submit to it, 
and let these ofiicial patented schemes go on and be made, tested, and 
introduced, to the exclusion of every- other system regardless of the best 
interests of the government or the rights of the citizen inventor. 
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While we are on the patent business, here is Crispin's patent of FeTr- 
ruary 4, 1879, Ko. 211,839, for lining tubes for ordnance. Here is Sin- 
clair patent of November 10, 1874, No. 166,822, for lining tubes for 
ordnance. 

The Chairman. Who is Sinclair t 

Mr. Mann. Sinclair is superintendent of the government proving 
grounds under Crispin, or was while Crispin was in charge of that de- 
partment. Here are the converted muzzle-loading guns on which, I 
understand, one hundred and sixty dollars royalty on each is paid, with 
Sinclair's patent introduced into them. [Exhibiting drawings in rei)ort 
of the Chief of Ordnance.] There are numerous like cases of the Sinclair 
patents. Colonel Crispin gets the patent on his gas-check, and on his 
lining tube. Here is the gas- check that was introduced in all these 
guns. Here is his patent lining tube introduced into the guns. [Exhibit- 
ing drawings in reports of the Chief of Ordnance]; the same as is illu8> 
trated in his patent. Here is a 4^inch gun converted on the Crispin pa- 
tent system, introducing his patent arrangement for converting. [Ex- 
hibiting drawings in report of the Chief of Ordnance.] Here is more of 
the Sinclair patent tube. [Exhibiting drawings in report of the Chief of 
ordnance.] Here is another conversion of 3-inch guns on the Crispin pa- 
tent system. [Exhibit drawings in the report of the Chief of Ordnance.] 
Here is more of the Crispin patent tube system introduced into the guns. 
[Exhibiting drawings in the report of the Chief of Ordnance.] Why, sirs, 
they manifest such a desire for conversions, that if they could have only 
had their own way, and Congress would keep up the appropriations. 
Moody and Sankey would have to retire from the field; they would have 
converted everything and everybody. Yet we must not find fault or 
complain. 

It has been stated, if I am correctly informed, that I have no reason 
to find fault, but because I submitted my gun to the Getty Board and 
failed to secure the recommendation of the Board I am a sore-head, and 
all that sort of thing, because I have failed to secure recommendations 
for my gun. Let us see. My gun was recommended by the Board of 
1872 ; it was recommended by the Board of 1868, and I will read you 
the names of the members of that Board: Bvt. Brig. Gen. P. Y. Hagner, 
Bvt Brig. Gen. T. J. Bod man, Bvt. Col. J. G. Benton, Bvt. Lieut. Col. 
S. V. Ben6t, Bvt. Col. Silas Crispin. Bvt. Lieut. Col. T. J. TreadweU, 
Bvt. Col. T. G. Baylor. General Benet is the present Chief of Ordnance. 
Colonel Baylor is president of the Ordnance Board having succeeded 
Colonel Crispin about a year ago. Speaking of that Board, I presented 
my system of breech-loading, and numerous other plans were presented, 
as the records show. The Board, in summing up its conclusions and 
making its recommendation, uses this language, which I think ought to 
mean something: 

Recognizing certain advantages in breech-loading over muzzle-loading gana for 
fortress service, and in order to test the relative strength of breeoh-loadinffjand muz* 
zle-loadinff guns, and other advantages of the breech-loading system, the Board rec- 
ommend that two 12-inch cast-iron breech-loading rifles be made and tested, one on 
Broad weU's and the other on Mann's system, these being the most promising breech- 
loading systems now known to the Board. 

One of Broad welPs and one of mine, '' these being the most promis- 
ing breech-loading systems now known to the Board." There is not a 
system of breech-loading ordnance known to-day that is of any con- 
sequence that was not known then. 

What was the Broadwell system f Simply a Krupp breech-loading 
gun with a Broadwell gas-check inserted in the bore to prevent the os- 
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cape of gas between the wedge and the end of the bore. That was all 
there was of it. That is a pretty high recommendation for the Mann 
system, as one of the two best known to the Board, and since that time 
I have made valuable improvements on my system. 

Now, to go back. In 1862 I brought to the city of Washington a 3- 
inch breech-loading steel field-piece, that was fired here at Battery Fox 
under the direction of Admiral Dahlgren 437 times. There is a repre- 
sentation of that field-piece [exhibiting photographs of the gun]. Dur- 
ing the firing, when the men who had charge of the gun were down in 
the hollow, the officer in charge and myself sitting in a tent on the hill 
near by in conversation — it was a hot July afternoon — and the gun was 
fired 96 rounds in 76 minuter without interruption ; that is, without any 
interruption of the working of the gun whatever ; and the men who 
fired the gun afterwards said if they had known we were noting the 
time they could have fired it three times as fast — ^96 rounds in 76 min- 
utes. Upon this successful trial of that field gun to that extent I ac- 
cepted an order from Admiral Dahlgren for an 8-inch breech-loader 
nfle, to be made on the same plan. Mind you, this was in 1862, when 
there was no 8-inch rifle of any kind in this country that was known to 
be reliable. I took a contract to make that gun at my own risk and 
responsibility. The gun was made and completed in September, 1863, 
and here are photographs [exhibiting photographs of the 8-inch gun] of 
the gun as it was fired on the provlng-ground, an 8-inch gun made in 
1863 and tested. 

The Chairman. A muzzle-loader or breech-loader f 

Mr. Mann. A breech-loader, on my system. 

The Chairman. On this system t 

Mr. Mann. On this system ; but I have made some very valuable 
improvements shown here now which have never been tested. 

The Chairman. What was done with the gun t 

Mr. Mann. That gun is now at Sandy Hook proving-grounds with 
some 40 projectiles prepared for it. 

The Chairman. Never tested f 

Mr. Mann. Never tested ; only a few rounds ; they could not find 
money to do it, and yet they covered money back into the Treasury. 

Now in regard to the recommendations this system has received, I 
want to pursue that matter a little further. This 8-inch breech-loading 
gun was made in 1863 on an order from the Navy Department, and was 
subsequently transferred to the War Department. That is why it is in 
their hands to-day. This is the report of the naval officer who superin- 
tended the first trial of that 8inch breech-loading rifled gun : 

Philai>elphia Navy- Yard, Ordnance Department, 

Sfptember 25, 1863. 

Sib: I have to report that, in obedience to bnreaa order of September 18th, I pro- 
ceeded to Trenton, N. J., to superintend the trial of Mr. H. F. Mann's A-inch breeoh- 
loading cannon. 

The gun was slung in the usual manner from a gallows by rods 14 feet long, recoil- 

inff freely. 

The inventor produced several metallic cartridge-cases, of the size of the chamber, 
pierced with a hole in the center of the bottom, mis hole covered with iron gauze. 

He proposed to tire with the same charges as are used in the service gun of same 
caliber, viz, Parrott's 150-pounder, 16 pounds, No. 7. Upon trial it was found that 
owing to some miscalculation this case would hold but \2^ pounds. It was there- 
fore nlled with V^ pounds of navy cannon powder, in. vel. 1,436 feet, and fired seven 
times with the following; results: 

Ijet me say here that one of the important features in making a 
breech-loading cannon at that time, and is now, was to prevent the 
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escape of gas at the breech even if yon could make the gnn strong 
enough. That was one of the difficulties Sir William Armstrong had 
to contend with. 

First fire, — ^Blank cartridge : no perceptible issue of gas ; a piece of white paper 
placed in the rear of gas-check not soiled. 

That was a piece of white paper placed in the joint covering the 
whole surface of the bottom of the bore between the barrel and breech- 
block. 

Second fire. — IS^ pounds navy cannon powder, oontained in (copper) metaUic cart- 
ridge-cases ; shot) 121-pound cylindrical, with hemispherical end : fired with Motion 
primer; gas-check of gun metal, ^ inch thick, tapering to ^j^ at edge ; enters the bore 
1^ inches placed behind the cartridge. 

After firing, the gas-check removed without difficulty by a hook ; th« bottoms of 
the cartridge case imbedded in the cup of the gas-check, but removed without diffi- 
culty ; the cylindrical part removed with the hook ; several smaU sand holes in the 
gas-check were made evident. 

That was the first firing of the gun ; everything was new, but there 
was no difficulty in working the gun. The cartridge-case was experi- 
nental and the gas-checks were made of metal that was more or less 
defective. ' 

T^ird ^r0.— Same charge and weight of shot ; cartridge-case tin, with copper bot- 
tom ; tin body very much distorted and partially melted ; paper showed no escape of 
gas. 

Fourihflre, — Same charge and weight of shot ; cartridge-case of copper ; gas-cbeck 
of brass. After firing, gas-check, which did not fit very well, showed that it ha4 
been swedged into the Junction of breech-plate. 

But this did not affect the working of the gun a particle. 

Fifth fire, — Same charge and weight of shot ; used the original gas-check. 

S&tkfire, — Same charge and weight of shot. Having experienced some difficulty 
with the metallic cartridge-case, this charge was fired with the charge in the usual 
serge cylinder. Upon removing the gas-check it was found to be cracked for about 
4 inches round the«edge of the bottom of the cup. No perceptible escape of gas. 

Seventh fire.— 'hame onarge of powder; shot, 140 pounds; serge cylinder; recoil of 
gun, 7 feet. 

Summary. — This could not be considered as a trial of any part of the apparatus, ex- 
cept the arrangement for preventing the escape of gas. The charge being but 1^ 
pounds in lieu of 16 (one-fourth less), and all of the shot but the last were but 121 
pounds (one-fifth less) weight. 

The arrangement for opening and closing the breech worked freely and accurately. 
The breech-block has a movement of one-fourth of an inch, which is supposed to be 
ample to allow for expansion, and to permit the breech to close in the event of the 
gas-check not entering freely. 

It will require some moans, which the inventor has no doubt he can arrange, for 
drawing back this breech-block after firing, in case the gas-check cannot be forced 
home by hand. 

The chambermust be lengthened about two inches to enable it to contain the service 
charge. 

All the projectiles provided by the inventor were fired, and the gun remains in 
position to await the further order of the Bureau. 

The weight of the gun is 20,000 pounds ; length of bore, 12 feet ; total length, 15 
feet; turn of rifling, 1 in 80 feet. All the shot took the rifling well and struck the 
but1>— distant 15 yards —point foremost. 

I am, very respectfully, your obedient servant, 

WILLIAM N. JEFFERS, 

Assistant Inspector of Ordnana-, 

Commander H. A. Wise, 

Ch^f of Bureau of Ordnance (ad interim), 

Navy Department, Washington, D. C. 

Forwarded by — 

C. K. STRIBLING. 

So it goes on throagb. That is the report of the first trial of the 
S-inch gDD. On the 20th of November^ 1863, the same gnn was fired 
under the direction of another officer of the Isavy Department. 
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I have here a cox:>> of bis report, which I will not take time to read : 

No. 459. ] Philadelphia Nayt-Taud, Ordnance Depabtmsnt, 

November 20, 1863. 

Sib : I have the honor to report that, agreeably to your order of 14th instant, I have 
visited Trenton, K. J., for the purpose of firing the breech-loading gun of Mr. H. F. 
Mann. 

M^or Laidley, U. S. N., in charge of the Frankfort Arsenal, was, by direction of 
the War Department, present. 

The '* cluuges of powder and implements necessary for the service of the gun'^ 
were duly received from this yard. 

I found the gun to be, in every respect, as described by Lieutenant-Commander 
Jeffers, in his letter of 25th of September, ultimo, to the Bureau of Ordnance, with the 
exception of an. increased capacity of chamber, which now admits the lt>-pound charge. 

Everything being in readiness, the firing was commenced at 11 a. m. yesterday ^ 
weather clear and bright. 

The charge was invariably 16 pounds, Curtis and Harvey, No. 7, in flannel bags. 

Shot solid and conical, with two H-inch cufi's of soft metal ; mean weight of ten 
shot, 146 pounds. 

Firetfire, — ^No perceptible escape of gas about the breech ; the gas-check one that 
had been used in former trials. 

Second fire.-- A new gas-check was used; friction primer failed on first trial to ex- 
plode the charge ; no escape of gas ; a part of the suspension rods giving way ; stopped 
to repaii. 

Third fire. — No escape of gas. 

Fourth fire, — ^The result the same as the previous fire, except that the gas-check waa 
cracked. 

Fifth fire. — The result the same. 

S&th fire,— Some little evidence about the breech of escape of gas. The breech- 
block was not, however, pressed up very hard. 

Seventh fire, — The gas-check fractured, as heretofore, about the hole in the center 
of cup ; no percepti ble escape of gas. 

Eighth fire. — The result the same as in previous fire. 

IHnth fire, — ^A thinner gas-check was substituted; some little escape of gas, and the 
gas-check indented. 

Tenth fire, — The result the same as pret^ious fire. 

At this, the last round, the suspension rods gave way, letting the gun down to the 
ground and putting an end to further firing. 

As it will take several days to resling the gun, and the inventor expressed his in- 
tention of conferring in person with the bureau as to the propriety of continuing the 
proof with the gun monnted on a carriage, I have returned to my duties at this yud. 

In my judgment an iron carriage might be forwarded from the Frankfori> Arsenal, 
with some inconsiderable changes to suit the piece, when not only the remaining 40 
rounds ordered by the bureau could be fired, but the piece might be also put through 
the service proof, if desired. 

The present arrangement for slinging the gun has not sufilcient endurance. 

I had not a full opportunity of testing the facility of loading, as the rear suspen- 
sion rods greatly interfered with that operation ; but I believe the operation may be 
executed more rapidly than in a muzzle-loading piece. 

The gas-checks used were cast of a composition evidently defective. The inventor 
believes he can overcome the difficulty, and give a much longer life to this — as he 
considers it — important appliance. 

There was no difficulty in removing the gas-check, which was found to be cold after 
every discharge, and no force necessa^ to set back the breech-block. 

The gun was served by eight men, lour being necessary to throw up the gun for 
loading. It would be no difficult matter to so multiply the power as to require but 
one instead of four men fur this i)urpose, two to serve the shot, with a captain and 
powder man. 

After the tenth round a careful examination developed no evidence of strain. 

It is very evident that the length of trunnion straps, screws, and breech-block of 
this gun would require its carriage to be of " disproportionate height." 

In sug£[e8ting this fact to the inventor, he expressed the belief that by settling 
the trunnions nearer the breech and reducing the length of straps, &c., to their min- 
imum size, the objection, to some extent, might be removed. 
I am, verv respectfully your obedient servant, 

J. H. UPSHUR, 
Aeeietant Inepector of Ordnance. 

Commander U. A. Wise, 

Chief of the Buriau of Ordnance {ad interim), 

Navy Department, Waehingtony J), C, 

Vorwarded by — 

C. K. STRIBLIN6. Commandant. 
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Here is another report of the sanre flriug by another oflGicer. 

At my request to the Ordnance Department of the War Department, 

Oolonel Laidley was directed to go to Trenton and witness the firing of 

the gun and make reports. I will simply read his summing up and put 

in the full report : • 

Frankfort Arsbnal, 
Bridesburghf Pa.y November 20, 1863. 

General : I have the honor to report that in obedience to your instructions of the 
16th instant, I proceeded yesterday to TreAton, N. J., and witnessed the firing of Mr. 
H. F. Mann*8 8-iuch breech-loading rifled gun. 

The gun was siiHpended by means of iron rods attached to stirrups passing under 
the trunnions and to eye-bolts in the breech-transom. 

After the second shot it was found that one of the eye-bolts was badly cracked; it 
was replaced by a new one. 

On the tenth round the gun was dismounted, and firing terminated by two of the 
suspension rods giving away. 

The charge used was 16 pounds of powder and a shot weighing 146 pounds, with two 
bands of son metal around it. 

The mechanism for opening and closing the chamber worked satisffMstorily. The 
escape of gas at the breech at any one time was barely perceptible. Four men were 
sufficient to load and fire. 

Alter the tenth shot there was not the least indication of any yielding or giving way 
of any part of the gun, but it seemed to be in as good condition now as before it was 
fired. 

It is highly desirable, in testing endurance of this gun, to get its range, the accu- 
racy and rapidity of fire, the initial velocity of the shot, and the pressure of gas in the 
bore, and for this purpose I recommend tnat the gun be removed to some better 
place, and that it he mounted on a regular carriage. 
Very respectfully, I am your obedient servant, 

T. T. S. LAIDLEY, 

Brevet Major, 
Brig. Gen. Geo. D. Ramsey, 

C kief of Ordnance, « 

Ordnance Office, War Department, November 24tft, 1863. 
True copy. 

J. C. LYFORD, 
Lieutenant of OrdnanoCf Aaat, to Chief of Ordnance. 

Note. — ^The suspension rods referred to were no part of the gun, but were used to 
suspend it in the temporary frame for proof test. — H. F. Mann. 

That was Colonel Laidley's report. Now we come to General Rod- 
maD, who was standard authority on ordnance in this country up to the 
time of his death, and he is referred to now as suffth. joHe was directed 
by General Dyer, then Chief of Ordnance, at my request, to make ex- 
amination of my gun and make a report of his examination. The gun 
was then at Fortress Monroe. He reports as follows : 

Ordnance Office, 
Waehingtony January 22, 18G7. 

General : In compliance with your instructions of the 26th ultimo, I have con- 
sidered and examined the subject of breech-loading cannon, and especially the sys- 
tems of H. F. Mann and L. W . Broadwell, the only two that have been offered in 
anything like a practically developed state. f 4 -S 

I have examined the d-iuch ritle of Mr. Mann, now mo^iJea at) Fort iMonroe, and 
witnessed the firing of a number of rounds from it . 

It is in working order, and wiU, in my judgment, answer as a representative gun of 
Mr. Mann's system, and serve to compare it practically with other systems. 1 have 
also examined Mr. Broad well's breech-loading field-piece, and witnesned the firing of 
several rounds from it, and would respectfully recommend that a 12-inch rifle be con- 
structed upon Mr. Broudwell's system, and that it be mounted by the side of Mr. 
Mannas guu, and that a board of not less than three competent officers be appointed 
to tire these guns, first, to determine the relative merits of the two systems in both 
casemate aud barbette service ; second, to determine the relative merits of the supe- 
rior one of these two systems for casemate or barbette service, and that of niuzzl# 
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loading gans of the same caliber: «»nd third, shoald thebreeoh-loadiug prove snperior 
to the muzzle-loading system, then to determine the relative endurance of breech- 
loading guns of the same caliber. 

Speaking of Mann's and Broadwell's systems of breecb-loading at 
that time: 

Drawing of Mr. Mann's 8-inch gnn, and of Mr. Broadwell's proposed l^inch rifle, 
are herewith submitted. 

I would recommend that the rifling of the 12-inch Broadwell gun be the s^ime as 
that of the 12-inch rifle now at Fort Monroe, except the iwiai, which I would recom- 
mend to be one turn in 60 feet. 

Respectfully, your obedient servant, 

T. J. RODMAN, 
Major and CoMtruotor of Ordnance, 

Brevet Brigadier-General, U. 8, A, 
Bvt. MaJ. Gen. A. B. Dter, 

Chirf of Ordnance, U. 8. A. 

I was not pennitted to have a copy of that report by the Chief of 
Ordnance. After a long siege I was permitted to hear it read in his 
^ce. When the Joint Select Committee on Ordnance was organized 
by Congress several years ago, I was enabled to get a copy with this 
certificate: 

I certify that this is a correct copy of the report transmitted to the Joint Commit- 
tee on Ordnance by the Chief of Ordnance of the War Department. 

V. E. SMALLEY, 
Clerk Joint Committee on Ordnance. 

Here is also another report by an officer of the Ordnance Department, 
who fired my 8-inch breech-loading gnn a number of times, and recom- 
mended its further test: 

Fort Monroe Arsenal, Va., 

May 1, 1865. 

Sir: I have the honor to report, that in obedience to your instructions, I have fired 
the breech-loadinff gnn of Mr. Minn's invention, with the projectiles furnished by 
him, and transmit nere with a target record of fire, giving in detail the results obtained. 

As a drawing of this gun and the projectiles fired from it has been furnished yon 
by Mr. Mann, no description of either is necessary in this report. 

The number of proiectiles fired was hardly sufficient to test the merits of the gnn« 

The main points wnich could be decided by this firing, were the range and velocity 
with a given charge and pressure, as compared with other suns of the same caliber, 
and whether the device for closing the breech could be worked with facility and per- 
form properly its office. 

All the information obtained with regard to the first point is given you in the tarj^et 
record. With regard to the second, I would state that the breech was opened after • 
firing, the ^n loaded and the breech closed without difficulty, and in about the same 
time and with the same number of men as would be required to load a muzzle-loading 
gnn of the same caliber. Although gas escaped freely at the breech^ the consequent 
foulinff of the parts did not interfere at aU with working them freely, and would not| 
I think, even should the gun be fired continuously and rapidlv. 

In the firing, gas-checlra were used with a view of preventmg the escape of gas at 
the breech. At the first fire, one of copper was used and seemed to prevent all escape* 
The same gas^check was used at the second and at the last eleven fires, but failed* 
altogether to prevent the escape; at the other seven fires, gas-checks of cast and 
malleable iron were used. These were broken at the discharge, and of course failed 
to perform their office. 

A ^eat delect in the ^n is its preponderance of nearly one — — «— pounds, which 
interieres materially with rapid maneuvers. I do not see, however, that this is at 
all necessary, and if other guns should be made, I presume the axis of the trunnions 
might be tlu'own near the center of ^avity . Jt is also questionable, I think, whether 
the grooves of the gun have a sufficient twist, viz, one turn in 80 feet. Most of the 
projectiles fired took the rifle motion well, but they were shorter and lighter than 

*NoTE BY H. F. Mann. — Meaning that the gas-check used did not prevent a22 escape 
of gas. 

S. Rep. 060 5 
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those 11611 ally fired from gaoB of this caliber. Their length was 13 inches and 
"weight liy pouiids. 

All rxuminaiioii vf the table of fire will show that the results obtained compare 
favorably, 8o fur as raDge and verity with a giveu charge and pressure are con- 
sidered, 'with the rebults obtuiued ^th other guns. 

At the elo^o of the liriug, the boro of the gun was carefully examined aud showed no 
signs of liuviug been in any way injured. 

I would respectfully suggest that the firing be continued to test the endurance of 
the gun. 

Respectfully, your obedient servant, 

THEO. EDSON, 
Captain of Ordnance, Commanding, 
Brig. Gen. A. B. Dtbb, 

Chief of Ordnance, Washington, D, C. 

Yet we ou{»ht not to complain. Here is a report made by General 
Bodman, in ])ursaane$ of my special request that be should make it. 
There is a rex>ort of the firing in May, 18G5, at Fortress Monroe. I will 
not trouble you by reading it. General Rodman saw this gun fired sev- 
eral rounds when he made that report. What I complain of, and what 
I want Congress to rectify, is this delay and difficulty in getting a test 
of a gun that i^resents so many valuable features, and that has b^en 
recommended so many times for test, and I come here to set myself 
right in these respects in regard to the great injustice done me by the 
report of the Getty Board. 

1 want it to be understood that I do not object to* officers of the Army 
and Navy making inventions and improvements and securing patents 
for them, and securing in a proper way all the benetit they are entitled 
to from them. I think that is {{^proper thing to do; I think it is com- 
mendable, yet, when we see such a programme and such practices as 
has been carried out under the sanction and direction of the Onluance 
Department in the last few years in connection with this Crispin mat- 
ter, I think it is damnable. Neither would I wish to detract one iota 
from the credit that is due to any other inventor. I would give him 
all the privileges and consideration I ask for myself, and even more; 
but what does the Getty Board pix)pose to do f It rejects a gun that 
the president of the Board once, as a member of another board, recom- 
mended ; but when I present it to his Board, with recent valuable Im- 
provements, they decide against it, and say it is not worthy of test; 
giving reasons which are inconsistent and unwarranted by the records 
and facts; but they come here with recommendations, and Congress 
is presumably asked to carry them out, in favor of eiglit guns, all to be 
made on one system of breech-loading, and five of which are upon the 
system of wire-winding system of gnn construction. So far as the wire 
winding is concerned, it is no new thing; it has been tried years ago. 
There is no doubt in my mind but what in one direction a gun made 
on the system ot wire winding would be a very strong gun, but in the 
other directions it is an exceedingly weak gun. The lOinch Woodbridge 
wire- wound gun was the only gun the Getty Board tested during their 
sessions; anditfailed ontheuiuety-third round. I want to say right here 
in this connection, that the lUinch Woodbridge gun made on the wire- 
wound system, which was tested by the Getty Board, and that now 
comes up as the syNtem that shall be tested to the extent oi Jive guns 
out of the eighty has been before the Ordnance Department, for several 
years. It was made under the recommendations of the Ordnance board 
of 1872, and completed in July, 187G, a 10-inch Woodbridge gun — a wire- 
wound gun, supposed to be pretty well made, and a very strong gun. 
Yet the Chief of Ordnance and the Ordnance Department could not find 
time to fire it; but the Getty Boanl takes it up and tires it, and what is 
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the resalt t There are photographs showing how it failed [illustrating]. 
The Board have recommended five gans out of the eighty to be con 
Btructed on the wire- wound system. 

The Chairman. Then L disapprove of^that recommendation, though 
I do not know anything about it. 

Mr. Mann. That is what the Getty Board did. There [exhibiting] 
is one 10-inch Woodbridge gun wire wound ; here [exhibiting] is another 
cast-iron gun wire wound ; here [exhibiting] is a steel tube and longi- 
tadinally bars wire wound. 

These are drawings of the guns recommended by the Getty Board. 
Here [exhibitingl is a gun proposed by the Chief of Ordnance, wire 
wouna, like theArmstroug wire gun almost line for line; and here [ex- 
hibiting] is a gun proposed by Colonel Crispin, wire wound : these are all 
drawings of wire- wound guns recommended by the Getty iBoard. This 
10-inch wire gun was fired up to 93 rounds and ruptured under a pressure 
supposed to be 74,400 pounds to the square inch. I think it is proper and 
right that Dr. Woodbridge should have another opportunity. U ndoubt- 
eSy wire winding makes a strong gun in one direction and a very weak one 
in the other, and if he can overcome the weakness, we may get a good, re- 
liable gun: that is what we want. . But why should the Getty Board 
recommena you to make five out of eight guns on that one system, and 
those eight guns aU on one system of hreech-lMding f If we want to find out 
which is the best, let us try more than one and more than two. Here is the 
system that Ipresent, a breech- loading system that has had the indorse- 
ment of some of the best engineering talent of the country, including 
the highest ordnance officers of the country, including the present Chief 
of Ordnance. Why not give that a simple trial, and. see whether we 
cannot get a breech-loading system of ordnance that is reliable t It 
never has been tried. How do we know t We cannot know if we try 
slotted screws all the time, putting it into all the guns we are to make. 
If we want to make half a dozen wire-wound guns, let us make one on 
one system of breech-loading, and another oi) another system of breech- 
loading. I have no objection to the wire winding if they want to use it. 
I can use it in my system ^better than they can in in any other, so far 
as strength is concerned, and the Board admit it. Why not try it t If 
they want a cast-iron barrel banded with steel, I can use it as well as 
anybody, because I provide longitudinal strength with these straps. 
Wire wound guns and guns of other construction have fkiled for want 
of sufficient longitudinal strength, and therefore fail by transverse 
rupture. 

The Getty Board admits that with my system I provide greater secur- 
ity against transverse rupture; that it gives greater longitudinal 
strength. Is this not what we want, what we have been trying to ob- 
tain in order to make a safe and reliable gun t The Board object to my 
system of breech-loading, giving as one of its reasons that it does not 
approve of the construction of the barrel I presented with my gun* 
Why, sirs, I am not confined to this construction of gun-barrel. I can 
use any construction of gun-barrel that is hnovon to he good. I can ap- 
ply my system of breech-loailing to any one of the systems of gun* 
barrel constructions that was recommended by the Getty Board, except* 
ing the Schultz plan presented by Colonel Crispin. 

The Ohai'BMAn. I do not think it necessary for us to take a great 
deal of time in a discussion about which gun ought to be or ou&rht not 
to be recommended. I would rather that each man should give the 
merits of his own gun and make a proposition to the committee to be 
laid before Congress. 
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Mr. Mann. I will do that. 

The Chairman. Yoa have discasied the merits of yoar gan. Now, 
what is your proposition t Let us have that. 

Mr. Mann. My proposition is to have my system of breech-loading 
thoroughly tested by the government. 

The Chairman. What do you propose f Suppose you were to make 
an 8-inch gun or a 12inch gun weighing 120,(K)0 pounds, or whatever 
the gun will weigh, what would you make a gun of that kind for, for 
testing, or if the government like it, what would you make a number of 
guns of that kind forf What would they cost f Suppose you had a 
contract for fifty guns like that, what would you charge per gun for an 
8-inch and a 12-inch gun t 

Mr. Mann. I would make 12-inch guns on that basis for $28,000 each, 
for 12-inch guns in numbers of, say, fifty. 

The Chairman. Weighing how much f 

Mr. Mann. That would weigh as the Board report states, about 
129,000 pounds. That is an estimated weight of a 12-inch gun 30 cali- 
bers long. An 8-inch gun would cost about seven to eight thousand 
dollars. I have put it down a little low at $6,800 for a number of guns. 
A single 8-inch gun for exx>erimental purposes would be worth probably 
$12,0(K), and a 12-inch, $40,000. However, we will consider these approx- 
imate prices, and I will submit a more definite proposition at another 
time. 

The Chairman. I want each man to make a proposition to the gov- 
ernment, if his guns are tested and prove successful and the government 
wants them, at what price he will make the two kinds of guns. 1 want 
something in the nature of a proposition for a contract. 

Mr. Mann. That is a fair proposition, and I will say now, as I said to 
the Board, I will furnish 12-inch guns of this character in lots of one 
hundred or more, at $28,000. 

The Chairman. Suppose we did not want one hundred, but fifty. 

Mr. Mann. Well, say Mpy^ I will make the 8-inch gun at $7,000 each. 

The Chairman. When you say ^Hhe gun," I suppose you mean it 
with all the apparatus connected with itf You do not mean the gun 
carriage with it, or do yout 

Mr. Mann. I mean the gun ready to mount on its carriage. 

The Chairman. With screws and all the appurtenances connected 
with it. 

Mr. Mann. Yes, sir; I present a system of breech -loading that is the 
most easily and simply constructed of any material that is available. 
There is no question in my mind that steel is better than cast-iron when 
we can get it in large masses of the proper quality. We use it in many 
oases in preference, but the dif&culty is in getting a reliable quality in 
large masses. 

The Chairman. When you speak of making these guns for that price, 
what kind of material do you propose to make them off 

Mr. Mann. That was supposing the barrel to be made of cast-iron 
banded with steel at the breech over the charge chamber, which I can 
do in a better way than can be done with any other system that is pro- 
posed. 

The Ohaibman. You mean that that is all the steel there shall be 
about it t 

Mr. Mann. Yes, sir; except the breech-screw. 1 put in a steel breech- 
screw. The balance of it would be wrought iron. The side straps and 
breech transom and the small parts would be wrought iron. The bar- 
rel would be cast iron banded with steel. Of course, if you make the 
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gun of steel, whenever we get to the poiut that we can make steel of 
the size required as reliable as cast iron is now made, we can make that 
much better gun. I mean steel as reliable as cast iron for the purposes 
for which it is used; but I may say here that the records show as much 
endurance of cast iron in the shape of a gun as steel guns, have shown. 
There has been a great many failures of cast-iron guns, and there has 
also been a great mauy failures of steel guns, but the records show that 
cast iron has stood as severe tests as steel ever did. 

Kow, I want to call your attention again to the simplicity of this sys- 
tem as a breech-loader, and to its practicability. In the Erupp gun 
there is a wedge. Of course I have only the small wedge here. I can- 
not show you by this model all the little delicate contrivances that are 
used for operating that wedge. You have an illustration of some of 
them here. [Exhibiting a drawing of a Crispin Erupp gun.] Now. 
suppose a shot strikes the sand near the gun when it is open and sand 
18 thrown qpon it in the midst of a battle, and it is important to deliver 
the next shot at the earliest possible second, you have sand on that 
screw and on these delicate parts, and you must stop to clean up. It 
is not the case with my gun. You may throw a barrel of sand ovej^ 
this gun and it can be operated. 

The Chairman. If a barrel of sand was thrown in it, it could not 
operate very well. 

Mr. Mann. That would be so with any gun ; but you may throw a 
barrel of sand into it and I can clean it out and have my gun ready for 
operation four times quicker than you can either of the other people's 
systems, because all I have to do is to run a swab through the bore, 
whereas, if you run a swab through the others, you foul the breech ana 
the screw, as I can show by the records. Not only that, I have hei'e an 
illuBtration. [Exhibiting a Parker breech-loading shot-gun.] There is 
no difficulty in loading and firing that gun. 

The Chairman. Is that made on the same plan t 

Mr. Mann. On a similar plan. The action is similar in every way. 
There is no screw; there is nothing to get out of order; there are no 
small delicate parts connected with the breech-loading arrangement I 
present as ^here is in the Erupp wedge and slotted screw systems. 

All I want, Mr. Chairman, is a fair trial of my system ; that is all I 
have contended for. If it is valuable I want the government to have 
the benefit of it, and of course I expect to derive some little advantage 
from it myself. If some one else has a better system, I wiU take a back 
seat when I have had a fair chance in a competitive trial. 

In the construction of a gun we have to provide for strength to re- 
sist different strains. As you will observe from the rupture of the 
Woodbridge gun. while it is abundantly strong to resist one strain it 
is very w.eak in the other direction — it lacks longitudinal strength. It 
is the history of all wire winding. I could show you from the records 
that wire-wound guns and a great many other guns — I have here the 
record of the Ordnance Department to show — ^that guns that are too weak 
to resist transverse rupture blow off at the breech. I have here Ord- 
nance Note No. 187, in which is published a paper read by Colonel 
Maitland, who is superintendent of the Boyal Arsenal at Woolwich, 
before the Society of Arts, in London, in February last. Speaking of 

the wire- wound guns, he says : 

• 

Yoa wiU readily undeTstaDd that a Jj^nn can be thus formed havinpr enormoas stren^h 
to reaiBt burst iog. Uufortnuately the wires have no cohesion with one another, and 
the great difficnlty with construction of this kind is to obtain what gnn-makers call 
end strength. 
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That is, to resist blowing off at the breech. 

It Is of but little use to make yonr walls strong enoagh if the first round blows the 
breech out. In t he early days of wire this was what happened, and Mr. Longridge, who 
invented the systemi was compelled to abandon it. 

Lately methods have been devised iu France, by M. Bcholtz ; at Elswick, by Sir W. 
G. Armstrong &0o. ; and at Woolwich by ourselves^ for getting end strength with 
wire guns. They are all in the experimental stage ; they may prove soccessfal, bat I 
prefer not to prophesy at present. 

It is Still donbtfal whether they will be able to get sufficient end 
strength in wire guns. They are undoubtedly strong enough in the 
other direction to resist bursting, but the end strength is where the 
difficulty comes in. 

Sir William 6. Armstrong, in an address delivered before the Institu- 
tion of Civil Engineers, January 10, 1882, says, speaking of hooped 
guns, and the same principle holds good in wire guns: 

It is to be observed, however, that mere hoops shmnk npon an intemal tube give 
no end strength to the gun, and the tube must in that case be made sufficiently thick to 
carry the whole longitudinal strain. But since a thick tube approaches the objection- 
able condition of a solid gun, it is better to reduce the thickness of the tube and 
supplement its deficient end strength by longitudinal strength in the surrounding 
material. 

There we have high authority for the deficiency of end strength. Here 
we have other authority. I have the record of firing an 8-inch breech- 
loading rifle No. 6, by the Ordnance Department, one made on the Cris- 
pin plan with the Krupp wedge, that shows a deficiency of end strength 
[exhibiting ofi&cial records. and drawings]. If it had had sufficient end 
strength the breech would not have blown off at the third fire. Here 
[exhibiting records and drawings from the Ordnance Department], 
18 an 11-inch breech-loading gun on the Crispin system with the Krupp 
wedge, that lacked strength; it pulled off at the breech at the eight- 
eenth fire. There was also another 8-inch gun that had the same 
difficulty, made on the same plan. I have here, in Holly on Ordnance, 
one of the best works and authority, an illustration of what is called 
the Schultz or French system of longitudinal rods outside; that is 
brought forward, having been recently imported into this country, by 
Colonel Crispin. Colonel Crispin brought this with him from Europe, 
and the majority of the Getty Board recommend it for test. That sys- 
tem of gun was tested by Mr. Blakeley ; Mr. Longridge tested the same 
system by wire winding, and found it deficient in end strength. 

Kow, take a common muzzle-loading gun, and in firing it we subject 
it to two kinds of strain that are considered the most severe on a gun — 
the longitudinal and the transverse. If we can dispense with the lon- 
gitudinal strain and obtain the strength of metal that is required to 
resist the transverse strain, or the -strain which has a tendency to burst 
the gun, if we c^n relieve that metal of the longitudinal strain, we ac- 
complish, I think, a great deal. If we can throw the longitudinal strain 
upon independent material we can gtt a better gun, we can get a safer 
gun ; we can also get a gun that is not so much affected by the expan- 
sion and contraetion of the metal, which is a very serious matter we 
have to contend with in a gun. 

In the construction I propose, the barrel of the gun is entirely 
relieved of this longitudinal strain, or the tendency to blow off the 
breech. I relieve the barrel of that strain. I bring these side straps 
into, play outside of and independent of the barrel and of the in- 
fluences of the charge of i>owder, so that, so far as any heat or ex- 
pansion or construction is concerned, they are not affected, and ma^e 
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them transmit the longitadinal strain to the carriage. I have a much 
better gnn, and a gan that is uiore simple and more easily constructed. 

There is no more practical difficulty in constructing that gun than 
there is in constructing a 8team engine; it is just as easily calculated. 
An engineer can calculate the strength necessary in the parts of a 
steam-engine, and an #rdnance officer can calculate the strength nec- 
essary of these side straps to resist 30,000 or 50,000 pounds pressure to 
the square inch in the bore. All he has to do is to know the elastic 
limit of the material that he is to deal with and* the pressure in the 
bore of the gun, and he arrives at it practically with absolute certainty^ 
and so with the transvf rse strain, we can as readily calculate the trans- 
verse strain knowing the strength of the material. 

So I contend that with this construction, this system of breech-load- 
ing, a gun can be made that is stronger, more simple, safer, and more 
easily operated than any system or construction that has been pre- 
sented ; a gun that can be fired day in and day out without any diffi- 
culty whatever. There is no more reason why that gun, as a 12-inch 
gnn, should fail in firing it as rapidly as it can be handled than there 
is in this gnn [exhibiting the fowling«piece before referred to] that yon 
take into the field with you. It is just as certain in its operation. 

The Krupp wedge and slotted-screw systems of breech-loading make a 
complicated piece of work ; but with my system the construction is per- 
fectly simple; it is accessible ; there are no small parts to contend with 
as in the others ; we thereby get a better gun, a more reliable gun, and 
a safer gun. That is what I contend for, and 1 contend that the govern- 
ment ought to know for its own benefit, leaving my interest out of view 
entirely, and ought to decide whether I can produce, or whether it can 
produce, by this system a gun that is more reliable than the construc- 
tions it has been dealing with. That is all I want. If the gun is tested 
and fails, I will retire in as good order as possible; but I l^lieve, and I 
have had reason to believe, I have had the recommendations and the 
opinions of the highest engineers in this country that I had a good 
system. Major Ws^e, who was considered high authority in ordnance 
matters, told me years ago that there was no sort of doubt about my 
being able to make a gun on my plan of breech-loading that would 
stand firing with perfect safety-; and in the details of its construction 
the plan I propose now is much better than it was then. 

I have said, perhaps, all that is necessary. I think I can claim 
credit for having, as a private citizen of the United States, contributed 
more to the development of a good and reliable system of breech-load- 
ing ordnance than any other man in this country. I made a 3-inch gun 
and brought it here at my own risk and expense in 1862 ; I made an 
8-inch breech-loading gun at my own risk and expense in 1863. I have 
made valuable improvements recently which make the gun much better 
than it was before. 

Mr. Chairman, I desire to say a word in regard to the proper tests 
that, in my judgment, should be made by the government. The Getty 
Bosurd recommend for test eight guns, all to be made on the slotted- 
screw system of breech-loading, five of the eight to be of the wire- wound 
system of gun construction. 

The Chairman. You stated that before. 

Mr. Mann. Yes. But what I want to get at is this : The Navy De- 
partment, as stated in official reports, is putting under construction a 
wire-wound gun on the Woodbridge system of gun construction with 
the slotted system of breech-loading that will settle that point either 
one way or the other, in all probability. That gives the wire-wound 
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sjBtem a second trial. The steel-hoop or banded gun is another system 
of gnn coustruction with the slotted-screw breech-loading arrangement 
that they undertake to solve. They have the money appropriate!! to 
do that. What I want to suggest now is, if the committee think it wise 
to do so, that a sufficient amount of money be appropriated to enable 
me to have my system thoroughly tested in ibmparison with other 
systems. 

The Chairman. That is the application ; we understand that. 

Mr. Mann. But some of the guns or systems recommended by the 
Getty Board are already provided for, and are being made for tests and 
experiment by the Navy Department. These t nals, as I understand, 
will include a gun on the steel wire-wound system of gun construction, 
and a steel gun on the steel-banded system of gun construction, both 
guns to be made on the slotted-screw system of breech-loading. The 
tests of these guns will probably determine the relative merits of the 
two systems of gun construction, and also of the slotted-screw system 
of breech-loading applied to those systems of gun construction. 

Now, Mr. Chairman, I think I have clearly shown and demonstrated 
by the records and facts the inconsistency and unfairness of the recom- 
mendations of the Getty Board, and that by its report in reference to 
the improved system of breech-loading rifled ordnance submitted for 
its consideration by me, the Board has done me very great wrong and 
injustice. It seems to have failed to determine /or itee// by a course of 
sound reasoning, scientific or theoretical investigation, as to whether a 
breech-loading rifled gun could or could uot be made upon the system I 
submitted that would be a stronger, more durable, and a safer gun ; 
one more easily and rapidly fired, or that wouhl endure firing with 
larger charges of powder and weight of projectile than the guns on 
other systems recommended by it for test; or that guns on my system 
could l:e constructed of any materials or combination of materials that 
is now known, or'might be found to be the best and most reliable ; or 
that any well-tested and approved plan or system of " gun construc- 
tion" could be used in connection with my system of breech-loading, 
and that therefore the Board has failed to comprehend the merits and 
advantages of the system of breech-loading rifled ordnance submitted 
to it by me. 1 have also shown that the Ordnance Department has 
been expending almost its entire eflbrts for years past, and using l^rge 
sums of public funds, in the development and advancement of the pat- 
ented schemes and personal interests of some of its officers and em- 
ployes, in utter disregard of the rights of citizen inventors and of the 
best interests of the government. ' 

Mr. Chairman, I now desire to submit the following as an approximate 
estimate of the cost of a single bi-eech-loading gun constructed upon my 
system of breech-loading tor each of the calibers named, with the esti- 
mated cost of firing each to the extent of 500 rounds; also the i)rice at 
which they could be furnished to the government in gre.iter numbers : 

E$iiniated oast of H. F, ManWs high-power hreech-Joading rifltid guna of the following call-' 
hers for teet bg the govemmentf with probable coet of firing each to the extent of 250 
rounds : 

EIGHT-INCU. 

One 8-inch hij2;li-power breech-loading rifle $15, OOO 

250 ronnds of powder 5,000 

250 projectiles 4,605 

Preparation of lO-inch army carriage and platform 1,250 

Labor, &c.y daring test 2,500 

Total cost of gnn and firing 250 rouuds 28,375 



* 
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TEN-INCH, 

One 10- inch high-power breech-loading rifle J28, 000 

250 rounds of powder 8, 750 

250 projectiles .-. 8,750 

Preparation of 15-inch army carriage and platform 1, 800 

Labor, &c., daring test 3,250 

Total cost of gnn and firing 250 rounds 50,550 

TWELVE- INCH. 

One 12-inch high-power breech-loading rifle $46, 000 

250 rounds of powder 15,000 

250 projectiles 16,250 

Preparation of carriage and platform 8,000 

Labor, dtc, during test *., 3,900 

Total cost of gun and firing 250 rounds 89,150 

The above estimates of cost are for a single gun of each caliber for 
teat; the barrels to be made of cast iron banded with steel bands at the 
breech over the powder chamber, the side straps, breech transom, &c., 
to be made of the best forged charcoal iron. 

These guns could be furnished in lots of 50 or more at the following 
prices: 

B-inch each $7,000 

lOinch each : 16,000 

12-inch each 28,000 

STEEL GUNS. 

E9iimai«A coat of H. F. Mann's full High-power all steel breech-loading rifled guns for test 

by the government. 

SIX-INCH. 

One 6-inch full high powder breech-loading rifle, all steel $15, 000 

250 rounds of powder 3,250 

.250 projectiles 2,250 

Preparation of arm} carriage and platform «. 1,200 

Labor, &c., during test 1,750 

Total cost of gun and firing 250 rounds 23, 450 

EIGHT-INCH. 

One 8-inch full high-power breech-loading rifle, all steel $24, 000 

250 rounds of powder 6,375 

250 projectiles 4,625 

Preparation of 10- inch army carriage and platform 1, 500 

Labor, 4&c., during test 3,000 



*» 



Total cost of gun and firing 250 rounds 39,500 

TKN-INCH. 

One lO-inch fuU high-power breech-loading rifle, all steel $35, 000 

250 rounds of powder 10,625 

250 projectiles i 8,750 

Preparation of 15-inch army carriage and platform 2, 000 

Labor, d^c, during test , 3,250 

Total cost of gun and firing 250 rounds 59,625 
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The estimates for all steel full high-power breech-loading rifled guns 
are for a single gun of each caliber for test, andare fjo be made of the 
'beat quality of steely and to be full high-power guns in every respect. 

These all-steel guns could be furnished, in lots of 50 or more, at the 
following prices : 

6-inch, each |9,000 

8-inch, each 16.000 

10-inch, each 2<),000 

12-iiich, each 40,000 

I now respectfully request your committee to recommend to Congress 
that a sufficient sum of money be appropriated to enable the Secretary 
of War to procure and properly test one or more breech-loading rifled 
guns constructed upon my system of breech-loading, with the necessary 
projectiles, powder, &c., such test to be at least to the extent of Uring 
602 rounds. 

If I may be permitted to make the selection of the size of guns to be 
made and tested, 1 would suggest one of 8-inch caliber and an all-steel 
gun of the same caliber. 

In order to properly determine the relative merits of guns constructed 
upon the same design but of different materials or combination of ma- 
terials, it is necessary to subject them to practical comparative tests; 
so that by a practical test of the two guns I suggest, an 8 inch breech- 
loading rifle, made with a cast-iron barrel banded with steel bands at 
the breech over the charge chamber, the side straps, breech transom, 
&c., of the best forged charcoal wrought-iron, costing, for a single gun 
for test, $15,000, and an 8-inch breech-loading rifle, made entirely oi the 
best steely and costing, for a single gun for test, $24,000, the question of 
the relative merits of guns of the same caliber but made of different 
materials, upon my system of breech-loading, could be properly deter- 
mined, and, by firing them up to 250 rounds each, much valuable data 
would be obtained, and a proper programme could be determined for 
continuing the firing up to 500 or 1,000 rounds each. 



COL. THEODORE TATES'S STATEMEHT. 

Col. Theodore Yates, United States Army : 

Mr. Chairman, in presenting what I claim to be an improved projectile, 
it seems to me proper to first point out what I believe to be the defects 
of those in general use. 

I ask 7>'our indulgence in this because, to my mind, this is the most 
important matter to be considered with reference to any system of gun 
construction. 

I shall undertake to show that the destruction of guns heretofore has 
been due mainly to the faulty character of the projectiles used in them, 
and, until that is changed, we cannot depend upon the power or endur- 
ance of any gun, no matter how or of what material it may be made. 

If the destruction of a gun is our object, we load it with a heavy charge, 
put a wedge in front of the shot, and apply the match. There is no 
doubt as to the result. With the present style of projectiles, our practice 
has been to put the wedge behind the shoty and, while the end is not so 
.soon reached, it is no less certain. 

With a sabot, or ring, on the base of a shot, we depend upon its be- 
ing forced into the grooves of the gun by the ppwer generated by the 
explosion of powder, and thus rotate the shot to which it is attached. 
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The force required to do this varies with the width and thickness of 
the ring, width and depth of the grooves, &c., and is an unknown quan- 
tity, beyond estimate or control. 

Suppose we ])1ace a shot in a gun, and before the powder is introduced 
we 'drive wedges between the shot and ring until the latter is forced 
into the grooves of the gun. This is the least possible force exerted to 
burst or split the gun, before we are ready to move the shot. 

I have never seen an estimate of the power required to force the ring 
on a 6-inch shot into the grooves of the gun. 

Let me say it is 5,000 pounds per square inch. The ring on a six- 
inch shot has about 20 square inches of sui*face exposed to the action 
of the powder gases. Now we introduce iK)wder enough to generate a 
force or pressure of 40,(K)0 pounds to the square inchj 5,000 pounds to 
the square inch is enough to force the ring into the grooves of the gun, 
•yet we add 35,000 pounds more pressure per square inch to split or 
burst the gun. Metal surfaces become welded together under such 
conditions; yet, under a pressure of 40,000 pounds per square inch, with 
an amount of friction of which we have no conception, we undertake to 
force the shot through 12 to 15 feet of the bore of a gun, and expect to 
give it effective force, power, velocity, after its delivery. 

Why wonder that rings strip or break, that bands crumble, if the 
gun stands the strain under such conditions ? 

Cast iron has endured that over four thousand times!!! See HoUey, 
page 886. 

If we plac^ a ball in a tube through which it will pass freely, and 
strike it a sharp blow, proportioned to it« weight, we may send it to 
some distance, but if the tube be too small for the ball the same blow 
may not send it through; the force has been expended to wedge it fast. 
It is like trying to drive a plug into a hole too small for it. The plug 
must be compressed, the hole stretched, or something else must hap- 
pen, and it generally does in a gun. 

The expanded shot, or its sabot, is the plug, too big for the hole. 

The purpose of the gun is to enable the powder to send the shot; the 
rifle is to give it direction only. Now, if we want power, t. e., velocity, 
we ought not to obstruct the free and easy translation of the shot. We 
should rather remove all obstacles, and give the powder a chance to 
do its legitimate work — drive the shot, not tear the gun in pieces. 

An evidence of power thus worse than wasted is found in the varying 
pressures, and reducedvelocityyv'ith higher pressures^ with the same charges 
of powder. (See Report Getty Board, p. 126, 157, &c.) 

General Eodman appreciated the situation when he said: 

That it wa8 nseless to attempt to arrive at a correct measure of a rifled gnn's endur- 
ance until a projectile was obtained which should bo uniform and certain in its 
action. 

The shock from the explosion of powder is almost instantaneous, and 
is in the nature of a blow ; it occurs before the shot moves, always at 
thesame place, and its effect upon the walls of a gun is like that of a 
mason's trowel upon a brick. 

Many blows may be struck and no sign of fracture appear, but at the 
last one it falls apart. 

Wax may be bent, rolled up, or stretched in any direction; yet one 
slight sharp blow will send it tlying in pieces. 

A slab of marble or plate of glass resting on a smooth, hard surface is 
easily fractured by a blow. See report Getty Board on wire guns : The 
tube was fractured by blows oiten repeated, and the wire body, having 
no longitudinal strength, soon pulled apart. 
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Again, the powder gases act upou the ring first, because it is lig)it6St, 
and drive it forward into the body of the shot to wedge it fast or de- 
stroy the guu. (See Holley, page 102.) 

Sometimes the ring breaks, and its parts are driven forward as 
wedges, or wedges are split off from the base of the projectile to either 
crush it or wedge it so as to offer greater resistance than does the en- 
tire breach of the gun, and the latter blows out. (See Holley, pages 17 
and 886— Taylor.) 

Action and reaction being alike, if we employ force enough to send a 
shot through 10 inches of iron plate^ what must be the effect upon the 
gun under the most favorable conditions? 

If, in addition to that force, we employ an equal, or greater force, to 
drive a plug or wedges into a gun, to tear its walls apart, what should 
we expect t 

Is that giving a gun a fair trial f 

Another evidence of power worse than wasted, is the heat imparted 
to a gun by the passage through its bore of a shot by its friction under 
such enormous pressure. 

Tallow does not even melt in the chamber of a gun, though exposed 
directly to the action of the powder gases, and solder, melting at 212^^ is 
barely aff'ected. 

"High power" in guns means great velocity' of shot; great velocity 
demands large charges of ponder, and that the least power shall be ex- 
pended in overcoming friction and changing the figures of the shot. 

If we build guns four times as strong as thdse we now have, and em- 
ploy a powder charge increased in proportion, it seems to me that, with 
the system of projectiles in use, we shall not gain much. The straia 
upon the gun will be increased as is its strength, and we shall only reach 
our starting point. We drive the same wedges or plugs, with greater 
power, but the life of the gun, or its value, will not be increased. 

In view of the ideas I have tried to express, the wonder to me is, not 
why some guns have failed, but rather why all have not. 

So much for the evil effects upon the gun ; now for the shot. 

The first effect upon the ring, by expansion, is to raise up and center 
the base of the shot while its forward end resta upon the bottom of the 
bore; thus the axis of shot and gun are never coincident. The work of 
the ring is to rotate the shot, while the disposition of its body is to go 
straight out over and across lands. It starts with a wabble like a boy's 
top, and it deviates in the direction its nose takes at the instant of de- 
livery. (See Report Getty Board, pp. 118, 119.) 

Eccentricities in guns or projectiles are at the expense of reliability and 
power. Rifling seems at present to be a necessary evil. Let us keep 
it at the minimum. 

Having tried to point out the evil, I submit my x>roposed remedy for it. 

The body of my projectile is a plain cylinder of cast iron having a 
spiral groove about its circumference extending from end to end. The 
groove is filled with wire of suitable metal, or may be with a fibrous 
cord. 

The cylinder is a fraction less in diameter than the bore of the gun. 
The wire or cord extends beyond the surface of the shot so far as to fill 
the grooves in the guu. The surfaces of shot and gun are never in con- 
tact; there is no lateral or bursting strain upon the gun, and the shot 
cannot become wedged. I can tell in pounds the force required to push 
the shot through the gun, and that will be constant except when the gun 
is weakened by being heated or expanded; it will be relieved becaosd 
my shot does not expand. 
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If it takes 101 pounds of power to overcome the inertia of a 100-pound 
shot, the friction being a certain and constant quantity, we ought to 
be able to tell the effect ui)on shot and gun of the explosion of ten pounds 
of powder. My shot may be made very long and heavy, in proportion 
to cross-section, a matter of importance when power — punching effect — 
is demanded. 

The conspicuous feature of my shot is its separate head of steel, so 
attached to the body that the two parts revolve separately and inde- 
pendently. 

The head, or point, is in effect a cold chisel or punch, to cut its way, 
while the body is the power to drive it. It will not glance from a sur- 
face struck at an angle, as a ship's sides or deck. When the head strikes 
it becomes fast, while the body, revolving freely, performs its work as 
a pile-driver, without loss of power. Its length and weight, with small 
cross-section, makes a perfect punch of armor, and the form of its head 
overcomes the objection to conical or round pointed shot against armor. 
The latter break up, in the form of wedges, and lose their power. It is 
the reverse of splitting off wedges from the base, as before shown. 
(Holley, page 476.) The line of fracture is at about the same angle, 
and the length of the wedge is proportioned to the thickness of its 
biase. 

These views have been held and expressed by me during nearly twenty 
years past, and all observation and experience confirms me in them. 

I venture to repeat that, in my opinion, the question of projectiles is 
the most important to be considered in connection with any system of 
gun construction. 

THEO. YATES. 

P. O. address, Milwaukee, Wis.; city address. No. 710 Eleventh 
«treet northwest. 

I Bxhibit to accompany Colonel Yates's statement, beinfc an article from the Scientific American of 

May 18, 1667.] 

THE BURSTING OF GUX8. 

We nave received a communication on this subject from a gentleman who has had 
excellent opportunities to investigate the matter, and has made many experiments to 
elncidate it. During the late war a large number of the projectiles used by the re- 
spective armies were ill adapted for service. Many of them broke in the gun on the 
shock of discharge, others burst outside the gun prematurely, while many did not burst 
M intended. 

Cast iron is the metal usually employed for projectiles for guns. It is highly crys- 
talline, and the size and character of the cryst^ils depend upon the process of extrac- 
tion of the iron from the ore, and on the amount and nature of foreign materials held 
in chemical or mechanical combination with the metal. Repeated meltiugs will change 
the size of the crystal ; it is therefore necessary that the character of the metal should 
be well understood. Very soft material for projectiles upsets on the shock of concus- 
sion, and very hard metal is apt to fracture. 

The mode of applying sabots, and th& material of which they are made, are impor- 
tant. A hard s^^bot'^will transmit the shock of concussion to the shot itself, and tend 
to break off wedge-shaped portions or upset the base. Our correspondent Speaks highly 
of the Thomas brand of iron, which has a tensile strength of 18,000 pounds per square 
inch, and the Hopkins' brand of cold blast, charcoal iron, having a tensile strength of 
24,000 pounds to the square inch. He has never found any difficulty with either in 
practice. 

Even sabots of papier roach<§, soft lead, or rubber, may, under certain conditions, 
cause the bursting of a gun by premature fracture, as when the gun has a gain twist if 
too fast, or the projectile is too heavy for the gun and the charge. Papier mach^ sabots, 
as usually maniifactured in this country, contain potash combined with rosin as a 
binding material. The alkali absorbs and retains moisture, swelling the sabot. 

If a gun be loaded, the projectile having a papier mach^ sabot, and not fired until 
several weeks have elapsed, the sabot would have tiii!e to absorb moisture and swell, 
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thns tending to bnrst the walls of the gun when act^d on by the exploeive foroe of 
the powder. A soft lead Babot has also ^straining effect, eBoecially when the gnu is 
foul ; it has no lubricating quality, but on the contrary retains grit, and is eniidoyed 
by the lapidary for this quality. Probably the bursting of riiled guns is often due to 
the wedging of the sabot in the projectile. 

Fig. 1 is a sectional view of a 3-iuch Parrott case shot. It will be seen that the 
sabot enters the base of the shot as a wedge. This is known as the Reed sabot. It is 
found in practice that this sabot has a tendency to break otT pieces from the base of a 
pnijectiie, which act as wedges, so that the projectile itself will take the grooves in 
the gun. Fig. 2 is a sectional view of a Parrott 20>pounder shell. It will be seen 
that the sabot does not enter the base as a wedge. But even this form does not save 
the shell. 

Some believe that the unequal distribution of heat caused by the combustion of 
powder tends to the bursting of a gun. In Fig. 3 our correspondent shows a simple 
device for testing this quimtioii He styles it a ^*gun pyrometer." The engraving is 
a sectional view of a metallic cartridge capable of bidding one pound of powder. A 
and B art^ slips of common tinned iron ; on A is soldered a composition of tin and lead, 
which melts at 212", and on B is a metal which fus4*s at 450^. The case, being 
charged with gunpowder, is ]daced in tho piece and fired. On the removal of the 
cartridge case the metal fusible at 212^ has melted and run down slightly, while thai 
which melts at 450° has not changed. This has been repeatedly tried, and in no case 
were the slips of tinned iron wari>ed or injured by the heat, or the metal on B ia- 
jnrtMl. It would seem that the repeated experiments which have been made by our 
correspondent with thlH pyrometer tend to show that a very small amount of heat is 
communicated to the gnu at each discharge by the combustion of the powder. No 
doubt couHiderable heat is generated in rifled ordnance by the friction of the sabot 
and projectile, particnlarly in rifled guns, and in some cases the friction is so severe 
that the edges of the lands crumble, and the projectile will consequently jam in the 
gnn, straining it more or less; still, the wedging or npse.tting of toe bases of project^ 
lies may prove more destructive or injurious to the gun than the premature bursting 
of a shell while in the gun. 

Fig. 4 represents a shot which wss fired with one of the wedge-shaped Reed sabots 
seen in Fig. 1. It is a 30-pounder projectile, and shows how the sabot broke off wedge- 
shaped fragments. Fig. 5 is another illustration. In this case the base is preserved, 
but there is the »ame wedge-like fractures. Fiff. 6 is an y-inch Parrott shell. It will 
be observed that the wedges are formed, but neld' in position. Fig. 7 is an 8-inch 
solid shot, the sabot of which was of hai*d gun-metal. The wedges extended up nearly 
the whole length of the cylindrical portion of the shot. Some of these hanl-metal 
saliots v\ere removed, and othersof soft metal, composed of tin, lead, and copper, were 
substituted, and in no ca.se were wedges formed. Fig. 8 represents a solid shot for an 
8-inch Ro<hnMn. It. has grooves to tit those in the gun. This shot requires no sabot. 
It will be seen that the comtition of the grooves proves that they left the lauds of tl^e 
gnn. On the tiltieth round the gun was burst. 

Tho tendency of every shot in a rifled gun is to go straight forward; t. e., leave the 
lauds of the gun. Rotation of a shot is a forced motion, unnatural to the projectile, 
and it will he. seen that with a high initial velocity the tendency of shot in such guns 
is to strain the walls. Then there is .he strain from the upsetting or expansicm of the 
base of shot, pni*t.ieularly of those using a sabot which acts as a wedge. Wheie the 
shot and gun both are of iron the fricti<m on the lands of the rifling mnst be very 
great, and the action of the liberated gases and the direct line of the shot would tend 
to buist I he gun ; l)nt the wedging of- tlie fragments disengaged from the base of the 
shot must have an injurious etlect on the gun. It seems as though the form and ma- 
terial of the sabot is a very import'* ut matter ; and as it is easily seen that they aft'eofe 
the durability of the piece, greater attention to this matter should be given than that 
which II has lieret<ifore rcceivetl. 

Colonel Yates exhibited a model, illnstratiug his proposal, aud pro- 
ceetled as follows : 

Gentleinen, I assume it to be granted that rifled guns of the future 
an» >o be breechloaders. 

Tlie model 1 exhibit is intended only to show the parts of my breech- 
closing device, their a]>p1ication and operation. 

I have nothing to do witli gun construction, my device being easily^ 
safely, and cheaply applicable t^ gnns of any form or constitution. 

All I claim is, a sliell or envelope for the entire breech of a gun, 
divided into two equal parts, or sections, in line of the axii4 of the gun, 
and a sin^'le lever, by means of which the sections are separated or 
brought together. 
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A shoulder, or shoulders, are provided around the outer circumfer- 
ence of the g:uii,and corresponding shoulders, around the inner circum- 
ference of the shell, or sections, above described, the latter to abut 
against the former and support or sustain the w hole shock of recoil. 

The lever is attached by a pin to the under side of the breech of the 
gnu. It has two slots, in which work pins, one on each of the two sec- 
tions. 

A slight movement of the lever to the right separates the two sec- 
tions, each moving but little more than one-half of the diameter of the 
bore of the gun, and a reverse motion of the lever brings the sections 
together, closing the breech. 

The above is substantially a full description of my breech -closing 
device, and, after inspection of the model, more need not be said. 

Breech loading, or closing, is a simple mechanical problem. 

The rear end of the bore of a gun is to be closed by such means as 
to off'er greater resistance to the explosive eiiects of powder than does 
the shot in its front. 

The strongest and simplest mode of doing this, other things being 
equal, is the best. 

The breech part of any gun should, if possible, be the strongest. 

I have high authority for saying that — 

What we now need is a gnn that men can stand np to and not be afrai.d of. It is 
the men in front of the gun, not those in the rear, that we want to damage. 

There is, practically^ no limit to the possible strength of all' the parts 
of my device. They are as few and simple as may be. Tiie motions 
are all easy, natural, and the least possible. There is nothing to jam,^ 
stick fast, or blow out. There is nothing exposed to injury, nothing to 
be damaged b3^ carelessness or neglect. (See Getty Board report, page 
103.) Any man not skilled can operate it day or night, wet or dry. 
Th6 gun is not weakened in any part by being cut; the bore is not 
shortened; no obstacle is offered to the introduction of the charge; and 
there is no gas check to be adjusted or renewed. 

The gun complete is no heavier than a mvzzleloader^ and lighter than 
any other breech-loader of same lenqth of bore. It is no longer than any 
njuzzle- loader, requires no more space in fort or ship, and does not need 
to be moved to be loaded. It makes no change in weight or propor- 
tions of a gun, and requires no alteration in carriafi:es. 

My system of breech closing affords complete relief from longitudi- 
nal strains upon the inner walls or tubes of guns, because the whole 
force or shock of recoil comes upon the outside. 

This system offers extra secuiity to persons, because in cases of dis- 
aster to the gnn the shell sections would arrest and ''save the pieces'^ 
that might else fly to the rear. 

To illustrate the comparative strength of my device, I may say that 
the screw-plug in a 6-inch gun has a circumference of 20 inches. Tiie 
thread on that, slotted, is J of 20 inches — 10 inches— to sustain the 
pressure against the front end of the plug, about twenty-eight square 
inches. 

The exterior diameter of the gun at the breech is 24 inches; circum- 
ference, 72 inches, which repres nts the bearing of my shell sections to 
sustain \he same pressure at the base of the chamber, the difference 
being over seven to one in my favor^ provided my sections are equ>il to 
the threads on the plug, and with the possibility, in my case o/i/y, of 
indefinite increase. "High power," the highest powers in a gun, can 
only be obtained by the use of all the powder that can be used in it to ad- 
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vantage^ and the breech -closing device, to he of any value^TSiVL%t be more 
than equal to the greatest strain the gan can bear. 

If we can have that, and a projectile that will enable us to use the 
power we obtain for its legitimate purpose, it may be discovered that 
we are now able to make pretty high power guns in any required number. 

I ask that a 6-inch gun of cast iron may be made, under my direction, 
at the South Boston Iron Works, cast hollow, cooled froi^ interior, and 
rifled in the manner deemed best for my purpose. 

I ask that the shell sections, and parts included in my breech-loading 
device, may be made of steel, by the parties best qualified to do the work, 
the parts to be properly fitted to operate as in the model exhibited. 

I also ask that 500 shot may be made, upon the plan of the model 
submitted, and fitted for use in the gun above described. 

The gun, after proof, to be mounted and tested by firing the same 
quality and charge of powder now used in 6inch guns until the 500 shot 
are exhausted, all proper records being kept, after which the gun may 
be subject to any desired test. 

All contracts for gun and projectiles to be made by the honorable 
Secretary of War, and all tests made under direction of persons named 
by him, myself being present. 

The work to be completed as early as practicable, and tests to be made 
as soon as possible thereafter. 

I ask this for the following reasons : 

I. My breech-closing device may be put to any required test in such 
guns. 

IE. It would afi[ord speedy and cheap means of testing my shot, the 
rifling being adapted to its use. 

III. It would enable us to test the value of cast iron for guns under 
what might be considered fair conditions, which many persons think 
has never been done. 

lY. It might enable us to demonstrate that high power in guns may 
not depend upon larger caliber. 

Y. It is the cheapest means of arriving at the value of the theories 
advanced with reference to the cause of destruction of guns, because it 
would be in competition with guns of same caliber under existing con- 
ditions. 

YI. If my device should fail, in any particular, the gun would remain 
intact, and the only loss would be the cost of the parts of my device. 

For cost of drawings, patterns, and construction of first gun complete, 
I would say $5,000. 

For making patterns, &c., and fabrication of 500 shot, same as model, 
to fit above gun, for mounting and testing gun and shot, $5,000, or so 
much thereof as may be necessary. 

Now, Mr. Chairman, in conclusion, good faith to you demands that I 
should say my breech-closing device was submitted to the late Board 
on Ordnance, and was not recommended by them for test under the act 
of Congress approved March 3, 1881. 

My patent was only issued on the 2Sth of June, 1881 ; did not reach 
me until after July 1, and the matter was sent to tlie Board on the 13th 
July. I was never present to explain it, answer questions, or meet ob- 
jections, if any were raised. On the 27th July I was notifie^ of the 
action of the Board in my case. 

Simplicity of a device oft^n its great merit. Something that can be 
comprehended at a glance sometimes fails to command the attention 
necessary to a proper understanding of its real worth. 

I have tried to state clearly what I understand to be not only the 
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priucipal, but all the requirements of a perfect breech-closing system, 
and claim to have met them honestly and fairly. 

In view of what I have shown I think that I am justified in saying 
that either the Board did not fully understand ray proposition or did 
not give i* the consideration its merits deserve. ^ 

I have offered some references to sustain my views, aud could add 

manv others. 

« 

If any statement I have made is questioned, I will produce ample evi- 
dence to support it. 

If I have failed to make myself clearly understood in any particular, 
1 ask an opi)ort unity to do so. 



STATEMENT OF J. E. HASKELL. 

Mr. J. E. Haskell. Mr. Chairman, I have the honor to appear be- 
fore your committee, representing what is known as the "Lyman-Has- 
kell accelerating or multieharge system in ordnance." 

Until this invention w^as made all guns used only one charge of pow- 
der, and the shot onl3' had the power of a single charge of powder im- 
parted to it. 

The only improvements made in late years in single-charge guns are 
in combinations of metals, in order to make guns stronger, in mechani- 
cal contrivances for breech-loading, and what is known as "chamber- 
ing " or air-spacing. These mechanical improvements, together with 
the manufacture of a coarser and slower-burning powder, comprise about 
all the improvements in guns of the single-charge system. 

The object accomplished in the " multieharge system " is the applica- 
tion of a greater propelling force or pressure on the rear of the shot 
without a corresponding increase of pressure on the walls of the gun — 
in other words, to give a much higher velocity to the shot with a less 
maximum pressure in the gun. 

It is easy to make lines on paper and to annunciate theories in rela- 
tion to ordnance, but these lines have to be applied or worked out in 
metal, and the theories have to be practically tested by the explosion of 
gunpowder, and frequently the theories explode with the powder. 
Guns have been constructed on theories which claimed they could not 
be burst, and yet they did burst, and the theories with them. 

It has taken many years and the expenditure of a large amount of 
money to perfect the " multieharge system," and to produce a gun, shot, 
and gas-check harmonious in all the parts — a perfect working gun, cer- 
tain in its action and perfect in all its parts. Several cannon had to be 
made, and many alterations made, before the whole was perfected, and 
the experiments have cost many thousands of dollars, besides the cost 
of the guns. 

It has been demonstrated by many experiments that each additional 
charge of powder adds to the velocity or power of the shot, and that it 
is possible to keep increasing the velocity up to at least one-half of that 
of the velocity of the gas of gunpowder itself. This can be done with 
shot much longer than those now used in service, which are generally 
2^ to 2.8 calibers long. By this system shot of 4 and 5 calibers long can 
be given a velocity of 3,0()0 feet per second, with a maximum pressure 
not exceeding 30,000 pounds per square inch in the gun. 

The improvements in combinations of metals and gunpowder have 
about reached their limit. If the i>owder burns any slower the shot will 

8. Rep. 909 G 
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leave the muzzle before it is all bumed, and this result has taken place 
in many instances in the records of experiments with large guns in 
Europe. 

It is claimed by late reports from Italy that they have constructed 
armor whi^h is invulnerable even to the 100-ton gun. It is therefore 
necessary, m order to increase the power of ordnance, to apply the " m ulti- 
charge system,'' and obtain the force of successive charges of powder 
applied to the same shot. 

With the ''multicharge gun" all the advantage there is to be obtained 
by using slow-burning powder in the breech and air-spacing can be 
utilized, and after this has been applied and the shot has been started 
and the pressure is reduced by the expansion of the gas, then another 
charge of quicker-burning powder can be applied and the pressure 
brought up to the maximum again; this can be repeated until with the 
concentrated eilect of the explosion of five charges of powder the shot is 
delivered with a iK)wer irresistible by any armor any ship can float. 

The greatest penetration into wrought iron obtained by any gun in 
Europe is about 2 calibers for twice the diameter of the shot). With 
one of our small guns, by the apphcation of six successive charges of 
powder, a penetration of 10^ calibei*s was obtained. We do not claim 
that it is expedient or necessary to make guns with as great power as 
that ; for if we did, a shot 9 inches in diameter would penetrate 7 feet 
10^ inches of iron armor. It is, however, perfectly practicable to make 
a 9-iuch gun that will penetrate 4 feet of iron armor. 

As I before remarked, it has taken a great amount of money, time, 
and labor to perfect this system, and all this expenditure has been borne 
by private capital, furnished by the parties interested, without any aid 
from the government worth mentioning. 

It is not to be expected that private capital and enterprise, unaided 
by the government, can entirely work out so great a problem as thisw 
Enough has been done already to demonstrate the practical success of 
the system, and it is for the interest of the nation that aid should be 
extended to this enterprise by the government. 

The owners were so satisfied with what has already been accomplished 
that they are now building, at their own expense, a 6-inch bore gun, 
'with provisions for using five successive charges of powder, or, in all, 
130 pounds of powder. It is expected that this gun will be completed 
•early next spring. The system should be further developed, and a gun 
of 8 or 9 inches bore should be constructed by the government to carry 
out the experiment on a gun large enough and with sufficient power to 
penetrate more armor than any gun ever built. It is believed that a 
gun of that size would be as large as would be required. 

The Congress of the United States has been frequently memorialized 
to construct guns, and put the cities and sea-coast defenses in condition 
to protect the great interests now practically defenseless. 

In 1872 Congress passed an act appropriating $270,000 to build and 
test heavy rifled ordnance. A board of officers of the Army of differ- 
erent branches of the service were appointed under that act, to select 
such guns as in their judgment they should deem best. Inventors and 
others were invited to present their inventions and plans. 

Forty guns were presented, and the Board selected nine out of the 
forty. 

The money was to be expended in the order in which the guns were 
named. The '^ multicharge gun ^ was one of the guns selected, but it 
was the last one on the list, and the money was all expended before this 
gun was reached. 
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It is evident that the object of Congress in making; this appropria- 
tion, and inviting the inventive talent of the country to submit their 
plans, was to find out something new and more powerful in ordnance, 
and to put this country in the lead in the fiower of its artillery. 

The first favorites selected by the Board were guns which claimed to 
have new combinations of metals, or new ways of working metals to 
make guns stronger, or some mehcanical convenience in breech-loadiug. 
Now, if all these guns (which had the money appropriated expended 
on them) had proven successful (which they did not), the armament of 
this country would not have been any superior to those of Europe, 
where they have several kinds of successful breech-loading cannon, and 
combinations of metals that are sufficiently strong to withstand the ex- 
plosion of all the slow-burning powder that can be used to advantage 
in a single-charge gun. The guns made did not succeed; and if they 
had been perfectly successful, it would have been simply duplicating 
what had already been accomplished in Europe, giving this country no 
8ux>eriority. 

It is not my purpose to complain of the action of that Board of Army 
officers. I know that it was composed of honorable and conscientious 
men, of educated and exi>erienced practical military officers, and they 
discharged* their duty in the interest of the government to the best of 
their ability in accordance with the evidence they had before them. . 

The education of the Army officers, and the practical experience they 
acquire, tends to make them conservative, and to test any system very 
thoroughly before they will approve it. They see so many failures of 
pet theories and inventions that this is a natural result. I believe, 
further, that it was well for the government that most of these experi- 
ments were made. If this government does not expect to be always in 
the rear, and to invite attack from even second or third rate powers, it 
will have to be much more enterprising than it has been for the past 17 
years. 

Since the Board of 1872 reported, and the experiments provided for 
were made (so far as the money went), other experiments have been 
made with the multicharge guns. Ordnance officers, Engineer and 
Artillery officers, have given this "multicharge system'' a thorough ex- 
amination, have seen many experiments; and eminent officers of differ- 
ent branches of the service have been to Beading, Pa., and inspected the 
gun now making at the Scott Foundry, the machinery and tools used 
in its construction, the metals, and workmanship. 

After a long examination and thorough knowledge of all the plans 
and experiments already made, these eminent officers are firm believers 
in the final success of the "multicharge" over the single-charge system. 
I believe that the Ordnance officers of the Army are conscientious, able 
men, of large experience, and that they act for the best interests of the 
government they serve, and to their judgment I am willing to submit 
these guns for actual tests. 

Congress has however taken action again, and by the act approved 
March 3, 1881, a Board composed of Engineer, Ordnance, and Artillery 
officers met to make another selection from guns submitted by inventors 
and others. Of this Board General Getty was the president. Many 
more guns were presented to this Board than to the Board of 1872. 
The Getty Board made their report in 1882. There were ten guns re- 
commended for construction and test. By reference to the report pub- 
lished by the Senate. Ex. Doc. No. 178, Forty-seventh Congress, first 
session, it will be seen that the ^< Lyman-Haskell multicharge gun'' ia 
No 1 — this time it heads the list. 
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Ill order to settle all questions iu regard to the ** mnltioharge system,''' 
all should not be left to tlie moderate sized gun the owners are now 
building, but a gun should be built using a shot more than double the 
weight of those to be used in the gun now making at Eeading, Pa. ^^ [ 

I therefore ask your honorable committee to recommend the appropri- 
ation of $100,000 to pay for constructing a gun of 8 inches bore, on the 
'^Lyman-Haskell accelerating or multicharge system." 

In the language of a distinguished oflBcer — who was formerly an officer 
of Engineers, and afterwards a distinguished general commanding one 
of the great armies during the war — 

This gun. in my opinion, will not only revolutionize all the artillery but also all 
the navies' and fortiticationM of the world. 

This officer gave this opinion after spending two weeks in a thorough 
examination of the subject, with a detailed history of the whole course 
of experiments, and the improvements made in the system before him. 

This application is simply to ask the government to pay for making 
one of these large powerful guns for its own use and benefit. 

Unless this appropriation is made at the present session, a year and 
a half will be wasted before one of these large guns can be commenced 
and this great question settled. A commencement in armiog our de- 
fenseless coast cannot be made until this question of superiority is 
settled. 

Out of money appropriated by Congress, $70,000 was expended in 
making one gun, which was simply a new arrangement of cast iron in 
making a gun; over $120,000 was expended on another gun, which 
was simply a new combination of metals ; $100,000 on another, which 
was simply a new manner of forging, &c. Neither of these guns suc- 
ceeded, and it is time, now, that a system should be tried, which if suc- 
cessful will put this country in the front rank so far as ordnanc<e i» 
concerned. 

In making the first large gun the cost will be much greater than for 
subsequent guns on account of the cost of machinery and tools, called 
the " plant." 

I have the honor herewith to submit the drawings of the proposed 
8-inch "Lyman- Haskell multicharge gun." 

Senator Hampton. What is the cost of making a Ginch gun on your 
plan! 

Mr. Haskell. I have not got at the exact cost of a 6-inch gun. 

Senator Hampton. What is the weight of the projectile? 

Mr. Haskell. One hundred and fifty pounds. 

Senator Hampton. How long? 

Mr. Haskell. Four calibers long. 

Senator Hampton. How are the successive charges ignited f 

Mr. Haskell When the shot passes this point of intersection [indi- 
cating] the powder runs down and ignites the charge. 

Senator Hampton. In the test you have made have any of those 
charges exploded before the ball passed ? 

Mr. Haskell. In some tests that were made by the late Alvin C. 
Stimers, chief engineer of the Navy, he ma<le no provision for stop- 
ping the gas ; he did not think it was necessary. I told him it was, 
and he did have that happen. It has never happened in the experi- 
ments I have made. I have made thousands of experiments. 

Senator Hampton. How do you stop the gas? 

Mr. Haskell. By a peculiar gas check I have, which experience has 
shown to work properly-. 
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Senator Hampton. What would be the weight of a 9-inch gun! 

Mr. Haskell. One hundred thousand pounds. Our gun weighs about 
the same as any other that uses the same amount of powder. 

Senator Eollins. That uses the same amount of powder in the one 
charge that you would use in five? 

Mr. Haskell. Yes, sir. 

The Chairman. You spoke of a gun nearly completed by you now! 

Mr. Haskell. Yes, sir; I think it will be completed about the time 
Oongress adjourns. 

The Chairman. Will you present a plan of your gun! 

Mr. Haskell. Yes, sir ; this is it. 

Mr. Haskell subsequently sent to the committee the following com* 
munication : 

Washixotox, D. C, January 13, 1883. 

Sir : The proposed 8-inch ^' Lymau-Haskell multicharge gun'' is to be built of char- 
coal cast irou and steel combined. The outside of the gun to be of cast iron, the 
pockets to be cut in cast steel, and the main bore of the gun is lined with a cast steel 
tube. The pockets and the bore, therefore, are continuously lined with steel, as shown 
in the drawings in the report of the Getty Board. 
Yours, truly, * • 

J. R. HASKELL, 

83 Broadway, Xew York. 
Hon. John A. Logak, 

Chairman Committee on Ordnance. 



January 20, 1883. 
The chairman laid before the committee the following letter : 

Letter of J. R. Haskell. 

[Office of J. R. Haskell, president Multicharge Gun Company, 83 Cedar Street.] 

New York, January 17, 1883. 

Sir: I have the honor to submit to you, and the committee, a few 
facts in relation to the mnlticharge gun. 1 asked your committee to 
recommend an appropriation of $100,000, or so much thereof as would 
be required, to build an 8-inch gun for the goremment. A detailed 
statement of some of the experiments made will be found in the pam- 
phlet I submitted, and also in the report of the Getty Board, pages 116 
to 122. I desire to give in addition a comparison of the charges of 
powder in the Armstrong (English) single-charge gun, and the multi- 
charge, both being 8 inches bore. The Armstrong gun uses from 85 to 
95 pounds of slow-burning powder and a shot weighing 182 pounds. 
The 8-inch multicharge gun would use about 40 to 45 pounds of the 
same powder in the breech, and from 75 to 80 pounds of powder in each 
of the four pockets ; the powder in the pockets being less in weight 
than that used in the breech of the Armstrong gun, but of a quicker- 
burning powder, and applied after the inertia of the shot has been over- 
come and it is already in motion. The multicharge gun would there- 
fore have the power given by about 350 pounds of powder, with less 
maximum pressure in the gun, while the Armstrong has only the power 
due to 85 to 95 pounds of powder. The shot of the multicharge gun 
will weigh more than double as much as the shot of the Armstrong gun, 
as the following table will show : 

Ponnds. 

Armstrong 8-inch shot, 2^ calibern long 182 

8-inch multicharge gun, shot 3 calibers long 260 

8-inch multicharge gun, shot 4 calibers long 364 

8-inch multicharge gun, shot 5 calibers long 468 
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The weight of the 8-iiich multicharge gun is aboat 50 tons. 
A 9-iDch bore molticharge gan woald use the following charges of 
powder : 

PoundA. 

Breech charge, 60 to 70 pounds 70 

Fpur pockets, each 100 pounds 400 

Total 470 

Or more powder than the Armstrong 100-ton gun, and the weight of 
the gun would be about 77,000 pounds less than that of the Armstrong 
gun. 
Bespectfully submitted to the committee. 
Your obedient servant, 

J. R HASKELL. 
Hon. John A. Logan, 

Chairman Special Committee on Ordnance. 



GENEEAL S. V. BENET, CHIEF OF ORDNANCE, U. S. A. 

The Chairman. Please state to the committee your views in reference 
to heavy ordnance and projectiles, and the different tests, and tell us 
what you think ought to be done. 

General Ben:^t. The present condition of our armament is such, and 
the facilities for producing in this country the best material for heavy 
guns are as yet so limited aiid inadequate, that the whole subject de- 
mands the gravest consideration from Congress. I have given the mat- 
t.er much careful study, and I will indicate my own views as regards what 
course we should pursue. From what is stated by the engineers of the 
• Army, we want probably 4,000 guns for the armament of the sea-coast. 
Of course, we possess many guns, simple cast-iron smooth-bores, most 
of them, with a few rifled guns on the Parrott system that are not con- 
sidered very good. The point, I think, we^have to consider at present 
is what should be done towards arming the whole coast without pro- 
curing such a large number of new guns. In arming the coast we can- 
not expect to make, even if we could utilize, 4,000 high-power guns aa 
thc}^ are recognized now in the world, because I do not believe Congresa 
would appropriate the necessary money, and it would take 20 years to 
do it. 

It seems to me that what is best to be done is, first, to see whether 
we cannot utilize something that we have on hand. The whole world 
has thrown aside cast iron, used by itself, as a material for heavy rifled 
cannon, and, I think, with complete justiflcation. I still think, however,, 
that for moderate-sized guns cast iron in union with some stronger 
metal, as steel or wrought iron, can be utilized. I think we have proved 
it to a very considerable extent. 

Can we make use of the guns on hand in our forts now ? I think that 
a very important question, because we ought to be doing something, 
and, if we can commence here, it is not only a step in the right direc- 
tion, but it will admit of our immediate action. Our defenseless sea- 
coasts should be armed. VVe have been doing as much as possible with 
the limited means at our disposal, and in the last few years have 
taken some of our 10-inch smooth-bore guns (Rodman's guns), of which 
we had about 1,200, and we have converted over 100 into 8-inch rifles. 
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We have followed the system that was nsed iu England to a very con- 
siderable extent. I think England has about 2,000 of those guns now. 
They are small, but they are useful. We have converted, as I say, 100, 
making 10-inch smooth-bores into 8-inch rifles. 

That conversion is made by taking the cast iron gun and putting a 
wrough^iron coiled tube in it. The gun weighs about 16,000 pounds. 
As a smooth-bore it would fire a round shot weighing about 130 pounds 
with about 16 pounds of powder. When we make it an 8-inch rifle we 
nse a shot weighing 180 pounds and 35 pounds of powder; that is the 
normal condition. 

A good deal has been said in the papers in regard to our failure with 
these guns, &c. That is all wrong. We have tried these guns ^ect- 
ually, and they show not a single failure; but, on the contrary, have 
proved to be admirably good guns, and can be converted comparatively 
cheap. 

I have a statement here, which J will submit to the committee, in 
which it is shown that we have fired three of these guns between 650 
and 820 rounds each with 35 pounds of powder and 180-pound shot, 
and those guns are good now. 

Another converted gun, which was chambered so as to give it a larger 
capacity for gunpowder, has been fired 170 rounds with 55 pounds of 
powder, instead of 35, and with a shot weighing 180 pounds, and the 
gun is perfectly good. None of these guns have ever failed or shown 
any signs of failure. This is the statement to which I refer: 

Summary aiatemeni of the number of rounds fired (proof rounds excluded) from 8-inch con- 
verted muzzle- loading rifles f with mean weights of powder charges and projectiles, pressures, 
velocities, and penetrations. 



Gun. 



Number 

of rounds 

fired. 



Mean 

vei^rht of 

powder 

charge. 



8-inch converted rifle, 

No.l 

8-inch converted rifle, 

No. 5 I 

8-inch converted rifle, 

No. 7, B. 1 

8-iuch converted rifle, , 

No.LB.1 

ft-inch converted rifle, 

No. 28, chambered 1 

8-inch converted rifle, I 

No. 29, B. I I 

8-inch converted rifle, i 

No. 38 1 



817 
648 
381 
783 
172 
53 
1S4 



Pounds. 



35 
35 
35 
35 
55 
35 
35 



Mean 
weight of 
projectile. 



Mean 
preseore. 



Mean ve- 
locity at 
muzzle. 



Penetration in iron 
at— 



Muzzle. 



Pounds. 
181.5 

181.5 

181.5 

181.8 

179.8 



Pounds. Ft per see.' Inches. 
37, 450 1, 440 10. 26 



181.0 
181.0 



I 



23, 570 
32,000 
26,462 
37,809 
34,359 
36,529 



1,276 
1.391 
1,279 
1.641 
1,419 
1,425 



8.82 

9.62 

8.84 

12.00 

10.03 

10.09 



1,000 yards. 

Inches. 
8.5 

7.45 

8.18 

7.47 

9.86 

8.35 

8.40 



So much as to the endurance of these small converted guns. Now as 
to their power. 

Having some wrought-iron plates that were purchased by the engi- 
neers a few years ago for experiments, and turned over to us, I thought 
I would try these little guns at wrought irou to see whether they would 
do the work we had a right to expect in view of experience abroad, and 
I have a statement here showing the results obtained. The targets were 
placed about 100 yards from the muzzle, and the charge of powder 
reduced so that the effect of the shot at 100 yards would be the same 
that it would be with the full charge at a thousand yards. The gun 
with 27 pounds of powder penetrated about 9J inches of iron under an 
angle of 24°, and 10^ inches under direct fire. I presume it would have 
fully perforated 6 inches of iron. These plates being 4 inches thick, 
we had to put them together. These results show that the gun at 1,000 
yards can do considerable damage. 



88 



HEAVY ORDNANCE AND PROJECTILES. 



I have also a statement which I will submit, showing the armor on 
the vessels of the world. We find that there are only fifty vessels in 
the world that carry more than 10 inches of armor. There are some 
two or three hundred that carry between 5 and 10 inches, but the large 
ms^ority actually carry less than 5 inches. Thus the large bulk of the 
navies of the world are unarmored vessels, wooden vessels, and there- 
fore this little gun could hold its own against three-fourths of the navies 
of the world. It amounts to that. It is only the very heavily armored 
vessels, of which there are but fifty, excepting a few coast-defense ves- 
sels, that the gun cannot penetrate. The largest number of the armored 
vessels of the world carry but 4^ or 5 inches of armor, and this gun will 
penetrate that thickness of metal. This is the statement : 

ENGLAND, 
f Twenty vesaelH.]. 



Name of TesAel. 



^ofiSSoT Draught 



Afffunemnon i 

Afar I 

ColoaauB ' 

DeTatftaUon , 

Breadnaught [ 

Inflexible | 

Majestic 

Monarch 

Neptune , 

Thnnderer | 

Conqueror I 

Alexandra { 

Belleiale 

Nelson 

Northampton > 

Orion ' 

Rupert 

Superb i 

Sultan ' 

T6m6raire 



Ineh$i. 



IS 
18 
18 
12 
14 
24 
18 
10 
12 
12 
12 
12 
12 
10 
10 
12 
12 
12 
10 
11 



Feet. 
24 
24 

26.25 
27.5 
26.75 
25.5 
26.25 
26 
25 
27 
24 

26.5 
19.75 
24.75 
24.75 
19.75 
24 
26 
27.5 
27 



Arm am out. 



5 12.5inch. 

5 12.5*inch. 

4 12-inoh. 

4 ]2inch. 

4 12.5-inoh. 

4 16.inoh. 

4 19.inch. 

2 9-incb ; 1 7-lnch. 

4 12.5-inch. 

4 12.5.inch. 

2 12inch. 
10 10-lnch;2 11-inoh. 

4 12inch. 

4 10-inch; 8 9-inch. 

4 10 inch; 8 9-Inch. 

4 12-inch. 

2 10-inch ; 2 64-pounderB. 
16 10-inch. 

8 lOinch ; 4 9 inch. 

4 11-inch; 410.inch. 



Thirty vessels with armor less than 10 inches thick ; eighty-one nnumored vessels. 

FRANCE. 

[Eight vessels.] 



Inches, 

Amiral Baudln I 21.6 

Amiral Daperr^ •.. 21.6 

Devastation 15 

Formidable 21.6 

Hoche 13. 75 

Magenta i 13.75 

Marceau ! 1 3. 75 

Neptune 13. 75 



Feet. 




26 


3 lOOton : 12 5. 5-inch. 


26.75 


4 13.51uch. 


25 


4 13.5-inch ; 2 10.5-inch ; 6 5.5-Inch. 


26 


3 lOO-ton : 12 r).5-inch. 


27 


3 13.5-inch; 18 5.5inch. 


27 


3 13.5-iuch ; 18 5.5-inch. 


27 


3 ]3.5inch; 18 5.5-inch. 


27 


3 13.5-inch ; 18 5-5-inch. 







Ten coast-defense vessels with armor more than 10 inches thick ; twonty-flve vessels with armor less 
than 10 inchcH thick ; forty-six unarmored vessels. 

GERMANY. 
[Nine vessels. ] 

KoniffWilhelm 12 I 26.5 ' 18 9.5-inch ; 5 8.25-inch. 

Kaiser 11 24.5 ' 8 10.5-inch : 1 8.2o-inch. 

Deutsc'hland 11 l 24.5 ; 8 10 5-inch : 1 8.25-inch. 

Sachsen 10 19.75 , 1 12-inch ; 4 10.25- inch. 

Baiem ..". 10 19. 75 i 1 12-inch ; 4 10.25-inch. 

Wiirtemburff 1 10 19.75 I 1 12-inch; 4 10.25-inch. 

Baden ' 10 i 19.75 1 12-inch : 4 10. 25inch. 

Preussen 10. 5 I 24. 5 4 10.5-inch ; 2 6.7-inch ; 4 3-inch. 

Friedrich 10.5 24.5 4 10.5-inch ; 2 6.7-inch; 4 3-inch. 

I \ \ 

Four vessels with armor less than 10 inches thick ; twelve monitors with 8 inches of armor; 33 un- 
armored vessels. 
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ITALY. 

[Four veesAU.l 



Name of vessel. 



"^famoT °™''8'>«- Armament. 



I Inchet. Feet, 

Italia. 29.5 31 4 17.7-mch ; 18 smaller. 

Lepanto . 29.5 31 4 17.7-iiicb ; 18 smaller. 

Dmiio , 21.5 26.75 4 17.7.uicb. 



Dandolo 



21. 5 2a. 75 4 17.7.incb. 



Twelve vessels with armor less tbau 10 inches thick ; eighteen uuarmored vessels. 

BRAZIL. 

[Two vessels.] 



Solimoos 12 11. 5 , 4 lO-inch. 

J'avari 12 11.5 4 lOinch. 



16 vessels with armor 4.5 inches thicli : 6 vessels anarmored. 

RUSSIA. 
[One vessel.] 



Peter the Great 17 24. 5 4 12.inch. 



Eighteen vessels with armor less than 10 inches thick : twenty -eight anarmored vessels. 

AUSTRIA. 
[Two vessels. 1 



, I 



Tegetthoff ' 14.5 25. 6 llinoh ; 8 smaller. 

Onstosza n.75 24.5 | 8 10.25-inoh ; 8 smaller. 



Eleven vessels with armor less than 10 inches thick ; twenty-two anarmored vessels. 

SPAIN. 
Eleven vessels with armor less than 10 inches thick : eight anarmored vessels. 

JAPAN. 
Ponr vessels with armor less than 10 inches thick ; five anarmored vessels. 

CHILL 
Three vessels with armor less than 10 inches thick : foar anarmored vessels. 

TURKEY. 
[Two vessels.) 



Name of vessel. ™araor* I^^"?!**- . Armament. 



Inches. Feet. 

Messadii^ 12. 26. 12 9.75-inoh; 3 7 inch. 

Nu88ratij6 12. | 24.5 10 9.inch ; 2 7 inch. 



I 



Sixteen vessels with armor less than 10 inches thick. 

SWEDEN AND NORWAY. 

Sixteen monitors : Turrets more than 10 inches thick : at water line, less than 5 inches thick 
Two monitors: Turrets less than 10 inches thick : at water-line, less than 5 inches thick, 
^venteen anarmored vessels. 
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RECAPITULATION. 



Country. 



England 
!France . 



Number of veasels 
having armor. 



More than 

10 inches 

thick. 



Germany 

Italy 

Brazil 

Bniisia 

AuAfria 

Spain 

Japan 

Chili 

Turkey 

Sweden and Norway. 

Argentine Kepnblic . 
China 



20 

*10 

8 

9 

4 
2 
1 
2 



Less than 

10 inches 

thick. 



Unarm- 
ored. 



2 

:i6 



30 

25 

tl2 
4 

12 
16 
18 
11 
11 
4 
3 
16 

:2 



81 
46 

33 

18 
6 

28 
22 

8 
5 

4 



Remarks. 



* Coast-defense vessels. 
t Monitors. 



17 

6 
23 



* Thickness of turret at water-line 
less than five inches thick. 



Denmark 

Greece 

Holland 

Portugal 


1 
1 


8 

2 
14 


8 

8 

24 
9 








Total 

Or, deducting monitors and 
coast-defense vessels 


76 
26 


191 
14 


341 










Total 


50 


177 


341 









Prom Brassev's "The British Navy"; Very's "Navies of the World"; King's "The War Ships 
and Navies of tne World." 

The eDgineers called on rae not long ago (and I have been making 
some experiments in that direction, not yet completed), for guns to pro- 
tect their torpedo fields ; when they plant their torpedoes they require 
something to protect them against small craft. Of course, a heavy 
armored vessel is not going to venture to take up or explode torpedoes ; 
small craft will be sent out to do that work. Their idea was that we 
might utilize these l(*-inch smooth-bore guns, of which we have a large 
number, for covering the entire field with a continuous fire of case and 
canister shot. We find from the trials we have made that the canister 
shot fired from the 10-inch gun will penetrate about five-eighths of an 
inch of steel, which is about the thickness of the sides of the small tor- 
pedo launches. 

We can use canister shot in the 8-inch converted rifle just as well as 
in the 10-inch smooth-bore, and the rifle is a much more useful weapon 
for many other purposes ; so in every respect this would be a much better 
gun for the protection of torpedo fields. 

Then there are many points of secondary importance, as, for instance^ 
at harbors where the depth of water does not admit of the entrance oi 
a heavy iron-clad, where these guns would perform admirably the work 
of defense, as they are quite competent to cojie with a moderate thick- 
ness of armor. Therefore, in my opinion, we ought to go on and convert 
these guns. They will at least tide us over until we can get something 
better in the shape of rifled cannon, and will always be useful for sec- 
ondary positions. 

The Chairman. How many of these 10-inch guns have we ? 

General Ben6t. We had 1,200; we have converted a little over 100; 
so that we have about 1,100 on hand. We have another gun that we 
can still use with very excellent eflfect — the 15-inch smooth-bore gun. 
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It is a muzzle-loader. It is too short in the bore to convert into a very 
effective rifle, as has been done with the 10-inch smooth-bore. The^ 
round shot for the gun weighs 450 pounds. At the time these guns 
were made the powder charge was only 45 or 50 pounds. Now we use 
100 to 125 pounds of powder. Though these guns would penetrate, at a 
thousand yards, not more than, say, 6 to 8 inches of iron, still their 
smashing effect is very great, and they can be utilized, and ought all to 
be mounted ; many of them are already mounted. 

There are about 300 of these guns on hand. There are nearly enough 
carriages on hand to mount them, but many of them re>quire modification 
to meet the recoil due to the increased charge, to facilitate maneuver,, 
and in some cases to adapt them to the increased height of the parapets. 

I recommend that they be placed in a serviceable condition by suit- 
ably modifying their carriages and mounting all those not mounted ^ 
and I also recommend that the work of converting the 10-inch smooth- 
bore guns be continued so as to procure, say, 300 8-inch rifles. 

We will thus obtain, in an economical manner, an armament that will 
admirably serve several purposes: 

1st. To defend secondary positions in our principal harbors. 

2d. To defend our smaller seaports. 

3d. To protect our torpedo fields from being disturbed by the enemy. 

The question now comes, what are we to do towards getting guns, 
that will be able to hold their own against the powerful guns of foreign 
navies and to penetrate the armor of heavy ironclads f Steel in some 
form must be the metal of which these guns are made, and as our ex- 
perience is so limited in the manufacture of this metal for gun-construc- 
tion, we should commence immediately with guns of smaller caliber, 6 
and 8 inch, that are within the present capabilities of our foundries and 
factories, and work up to those heavier guns that are a necessity to our 
coast defense. 1 cannot urge this point too strongly; and that it may 
be very plain what we are to do, I have taken the liberty to insert m 
the fortification appropriation bill as it passed the House of Represent- 
atives the words *' and experimental guns of steel and steel wire- wound.'^ 

I take it for granted that Congress would not be willing for us to 
buy our guns from Krupp, in Germany, or from Armstrong, in England^ 
but would require that we make them ourselves. It will be years before 
we are able to produce guns of as large caliber and in the numbers we 
require. We should begin the work at once, in order that there may 
be no delay in its development. While we are working up to this point 
in steely what should we do to provide an armament that, while not fur- 
nishing all to be desired, will yet be better than anything we have at 
present, and when the steel day comes, good even then ! I repeat that 
we mwtt keep an eye on steely and keep on striving toward an armament 
of that metal ; but, in the mean time, we can manufacture cast-iron 
guns, strengthened in some way with steel. We can take a cast-iron 
body and hoop it with steel or, better still, wrap it with steel wire, and 
thus obtain guns of very considerable power, particularly on the latter 
plan. The advisability of making such guns was recognized by the 
Getty Board, in whose recommendations I fully concur. 

It is not considered that such a gun as that will be what we call a 
high-power gun, but it will do a great deal of very heavy work. That 
is, I should say it would do work of this kind. While our 8inch con- 
verted gun would i)enetrate about eight inches of iron, say a caliber, I 
should say that a cast-iron gun either wrapped with wire or banded 
with steel, and lined perhaps with a short steel tube, would, with our 
new powder, penetrate a caliber and a half of iron, or 12 inches, but a 
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:guii of the same caliber, of steel, what we call a high-power guD, would 
penetrate at least two calibers — that would be 16 inches of iron. That 
is, in general terms, I think, about their relative power. 

In making a cast-iron gun and wrapping it with wire, and applying a 
breech arrangement similar to the French, all the work could be done 
in this country. Our founders can do that; they can make cast iron 
better than any in the world. As to the wire, we cin make the wire 
and have enough skill in this country to wrap it; we would strengthen 
it probably by soldering with soft solder so as to keep it from moving; 
and there would be no diflBculty in getting the block for the breech- 
screw or the tube, because they are comparatively small pieces of steel. 
I think that, probably, would be a very good move, because it is some- 
thing we know we can do in this country. It would give us what we 
call a gun of moderate power. It is not a high-power gun, but still a 
fairly strong gun, and capable of doing good service. 

To return to the matter of steel guns. If Congress were to go into 
their fabrication, I should begin by trying to make two S-iuch guns. I 
presume that to make one with bands of steel and another wrapped 
around with wire, would probably take me at least two years. If we 
^succeeded we could go on making steel guns of that caliber, and at the 
same time take a step further and try a 10-inch gun ; that would take 
a year or two more; then if we were successful we could go to a 12- inch 
gun, which of course would require increased plant and heavier ham- 
mers. I should say, if we had the means of going on, that in the course 
of eight or ten years we ought to have the requisite plant iu this coun- 
try to make guns of any size we might require; but we have not got it 
now; we have barely got heavy enough hammers for the smaller cali- 
ber of guns, such as 6 and 8 inch, and at several of our best establish- 
ments a steel ingot cast at one place has to be sent to another place to 
be forged; steel-making, of a quality suitable for guns, has not yet 
progressed beyond the experimental stage. 

As to giving an order for and giving the money to make fifty steel 
guns, we cannot do it. We have to commence at the very beginning 
and learn how to make them. Our people here have got to learn how 
to produce the metal. 

I saw a statement two or three years ago that Krupp was putting up 
a hammer in his works that would cost 5,000,000 francs, and I have 
been informed respecting the hammer put up at Woolwich some three 
or four years ago that merely the foundation and the substructure for 
the hammer cost $250,000. So you see this guu-steel-making is a big 
business. The plant is heavy. You cannot probably get parties to go 
into it unless they can see something ahead from which they can realize. 

The question of wire has come into prominence very recently, and it 
is a very important matter. As far as we know, the wrapping of wire 
around guns was an invention in this country of Dr. Woodbridge. You 
will find that many of the best inventions of the world are American, 
especially in gun 'construction. We made a wire gun in 1872, and the 
Getty Board tried it and broke it. That was the first made, and very 
likely it can be improved upon. Recently, experiments have been made 
in England in this direction. Sir William Armstrong has constructed 
two wire-wrapped steel guns, and he wrote me a letter, giving some in- 
formation in respect to them, about a year ago. He stated he had 
made tw^o guns, one a 6 inch and one a 10|-inch gun, and tbat the 10^- 
inch gun fired a shot of 500 pounds weight with a charge of HOO i)ounds 
of powder. The gun consisted of a steel frjbe wrapped with wire, or 
what be called steel ribbon, which ia nothing lsr*it aflat wire probably two- 
tenths of an inch wide and half a tenth thick. 
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With a shot of 600 pounds weight and a powder charge of 300 pounds^ 
and an initial velocity of 2,100 odd feet, I suppose that the projectiles 
would have penetrated 23 inches of iron. He informed me that he had 
sold this gun to the British Government, and that they intended to make 
experiments at Shoeburyness, where it has been fired, but not to any 
very great extent, the diflRculty it seems being that they are trying to 
get powder that will best suit the gun. 

Whatever may be the the views and opinions of individuals in respect 
to the material for heavy guns, we know that in Europe they have spent 
millions of dollars where we have spent hundreds, in working out this 
problem, and we find that they are all coming to stoel as the best metal. 
This morning I saw it stated that in Russia a 6-inch steel gun went to 
pieces on trial. I suppose that will happen sometimes ; it cannot be 
helped. 

We cannot make heavy steel guns in this country at present; there- 
fore the steel manufacturers ought to be encouraged in some way. The 
Navy has already made ^ commencement in the manufacture of steel 
guns. They have produced a (J-inch steel, though I believe they expe- 
rienced a good deal of trouble in procuring a satisfactory material, which, 
together with the unsatisfactory manner in which the work of manu-' 
facture was done, greatly delayed the completion of the gun. Now 
they are trying to get the steel to make a 6 and 8 inch gun. This type 
of gun is made of a tube of steel, on which is put a jacket, as it is called, 
and then steel bands are put on outside of all. The facilities for mak- 
ing steel in this country are very limited, necessarily. There has been 
no demand for steel in masses of the size and quality demanded for guu 
construction. Now, however, when it seems that our steel works are 
rather short of work on account of the accumulation of steel rails in the 
market, or the money being out, they have been turning their attention 
to guns and are making practical inquiries as to the qualities of gun 
steel, and some of the very large steel works, possessing the capital, 
have expressed a willingness to invest it in plant if there is any pros- 
pect ahead of reimbursement in the way of orders from the government 
for guns. 

The Chairman. Where do you convert guns I 

General Bbnet. The government has no works of its own. From 
the foundation of the government we have had Congressional commit- 
tees, I think half a dozen times or more, in regard to the establishment 
of a national foundry in order to make guns. In every case the com- 
mittee reported favorably, and that was the end of it. I suppose every 
State wanted the foundry; every State liad iron in it, and local inter- 
ests interfered ; at any rate no action was ever taken, and therefore 
we never got a national foundry, and work for the government has 
been done at private establishments. The foundries that the govern- 
ment has employed for more than fifty years are a foundry in South 
Boston, known as the South Boston Iron Company, and another foun- 
dry at Cold Spring, N. Y., near West Point, and known as the West 
Point Foundry. There have been other foundries, but they have gone 
out of existence. There was one at the South, the Tredegar Works, 
at Richmond, Va. Work was done there years ago. Then there was 
the Fort Pitt Foundry at Pittsburgh. That has gone out of existence. 
It was quite a large establishment, and did a great deal of work for 
the government. There was also a foundry at Heading, Pa., where we 
had some guns made during the war, and the Lyman-Haskell multi- 
eharge gun is being made t' ere now. At present the only two foun- 
dries that are at all e(iuii)piAi for work are the foundries at Boston and 
Cold Spring. Of course they do not make steel. 
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The Chairman. When you speak about changing guns, do you mean 
to change them to breechloadiug guns ? 

General BENJ^t. No, not those 8-inch guns. I would not make them 
breechloaders, but merely change them by putting the tube in. 

The Chairman. Are they to be rifled ? 

General Benii^t. Yes, make them rifles; and then use 35 pounds of 
powder and about 180-pound shot, and these guns have stood any quan- 
tity of flring. 

The Chairman. You prefer the tube, as I understand you, not only 
as strengtheniug the gun but as giving it more power to use powderf 

General Bbn6t. Necessarily by putting in the tube you make it 
stronger ; there is no question about that. While a cast-iron ^un may 
do very well at one time, the metal is very treacherous, and while you 
may make a cast-iron gun to* day and you may fire it forever without 
bursting it, you do not know but that the next gun you make under 
iexa<5tly the same conditions will go to pieces after a very few rounds. 
Therefore the world has thrown it aside. Even when strengthened with 
ateel it has not been found to answer for very large guns. I will give , 
you an example: 

The Italian Government, which is a very progressive one on the gun 
question, and has some of the ablest ordnance officers in the world, 
worked this question of cast-iron to a practical solution when it made 
its 100-ton gun, which was a cast-iron body, as we call it, strengthened 
with three rows of steel hoops. The amount of steel in that gun was 
more than half the weight of the entire gun. The gun was fired more 
than 100 rounds and endured the proof very well, still they were afraid 
to run up the pressuresan the bore and thus secure such a velocity as 
would place tiie gun on a par with the Armstrong 100-ton gun. So 
the artillery committee decided that, while the gun had done very well, it 
was not advisable to make any more guns like it. The power attainable 
with contemporary guns pointed to steel as the only metal for very 
heavy guns. 

The first 100-ton guns, supplied the Italian Government, by Sir Wm. 
Armstrong, were made of wrought-iron coils put on over a steel tube, 
but now the Armstrong guns are being made principally of steel. The 
last 100- ton gun made by Armstrong is a breech-loader; the first ones 
were muzzle-loaders. That was the gun they tried recently at some 
armor plates which they could not perforate. The plates were made of 
steel, or a combination of steel and iron. 

The Chairman. Do you think the change of the 10-inch guns we 
have, by rifling them, would be such an advantage to the government as 
to justify the money expended? 

General Benet. I think so, unquestionably. We want a great many 
guns, and just now we have nothing practically. We have got to work 
towards steel. That is a question of experiment, partly because we 
have not got proper facilities in this country. Kevertheless we ought 
to make a beginning with steel now, and in time (for it will take consid- 
erable time) we will be able to do something. 

The Chairman. It has been urged that the rifling of these cast-iron 
guns in a peculiar way would make them excellent guns and very pow- 
erful guns. 

General Beni^t. The trouble is that they go to pieces. 

Senator Hampton. You mentioned just now that we had 1,200 10 inch 
amooth-bore guns. How many of the 8-inch rifled guns has the govern* 
ment now? 

General Beni^t. Of these d-inch rifles we have 113 that we have con- 
verted. 
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Senator Hampton. Aud how many smooth-bores unconverted! 

General Ben^t. We have about 1,100 left of the 10-inch smooth- 
bores. 

Senator Hampton. But I understood you to say that you thought 
the 10-inch was too large to be converted! 

General Beni^t. Oh, no; that was the 15-inch. We have about 300 
of the 15-inch. We do not think they ought to be converted, because 
the bore, to begin with, is too short for a rifle of that weight of metal. 

Senator Hampton. About what would it cost per gun! 

General Ben^t. To convert the 10-inch smooth-bore into an 8-inch 
rifle it has cost about $2,100 per gun. I think if we convert any more 
it will cost less — under $2,000 apiece. 

The Chairman; Then it costs about half as much as to inake the 
^un originally! 

General Ben^t. If you were to make an d-inch rifle to do the same 
work, and make it as an original construction, it would cost a great 
deal more than this cannon. Now, to give you an idea of the power 
and endurance of these 8 inch rifles that I have been speaking of, here 
are some results. We flred oue gun, for instance, 817 times with 35 
pounds of powder, a mean weight of shot of 181^ pounds. The energy 
of the shot at the muzzle was sufficient to penetrate over 10 inches of 
wrought iron. Another gun we flred 648 rounds with 35 pounds of 
powder, and shot weighing 181^ pounds, the mean velocity being a little 
less than in the other case, but at the muzzle the shot would penetrate 
more than 9 inches of iron. We flred another gun 783 rounds; we flred 
that chambered one I was speaking about, with 55 pounds of powder, 
172 rounds. 

Senator Hampton. What was the penetration of that gun? 

Gieueral Ben^t. With a charge of 55 pounds of powder the penetra- 
tion of that gun at the muzzle is calculated to be 12 inches. We have 
never had one of these guns burst or fail in any particular. It seems 
to me to be a good gun. If you can, at a thousand yards, penetrate, 
say, 8 inches of iron, it is doing good work. Here is a record of half a 
dozen, but I give you the record of three that have endured from 648 
to 817 rounds, and tlic guns are good now. Therefore we are utilizing 
old material, and are working towards an armament by converting our 
10-inch smooth-bores into rifled guns. 

The Chairman. You prefer this plan that you suggest now to taking 
^guns and merely rifling them without putting the tube in? 

General Ben^t. Entirely so. 

Senator Hampton. That is not practicable with a large gun. 

General Ben^t. If you were to use cast iron alone I do not think the 
men would stand behind the gun. While one might do very well, another 
would not. While, as I say, we should begin at once to work up, ex- 
perimentally, guns of higher power than anything we have yet made, 
I think at the same time we ought to utilize in some way the material 
we have as far as we can. The 15-inch smoothbore, with 100 pounds of 
powder and 450-pound shot, should penetrate about 8 or 10 inches; and 
when it strikes, even if it does not penetrate that distance, it is going to 
shake things up. 

It seems to be the opinion abroad now, from experiments made re- 
cently at Spezzia, in Italy, with the lOO-ton gun against armor-plates, 
that heavy projectiles will, by their smashing eff'ects, destroy an iron- 
clad, even where they are not able to pierce the armor. The plates 
tested at Spezzia came some from France and some from England* 
'Those from France were all steel, and those from England were mainly 
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wrought iron but steel faced — what are known as compound plates, a 
steel face welded to wrought-iron backing. The projectiles from the 
lOOton gun could not penetrate those targets, but they broke them up 
ba<lly, and the targets were about 19 inches thick. The shots knocked 
the targets to pieces by striking about the same spot two or three times* 
The idea now is that what they want is to have a shot so large that it 
will act like a ram, and that, if it cannot penetrate the armor, it will 
jam in the side of the ship. Probably they will have to make larger 
guns to do that. That is the result of recent experiments in Italy. 

The Chairman. In reference to the recommendation of the Getty 
Board, speaking of the Krupp gun and the Armstrong gun, if our 
country should finally come to making guns of that character, have the 
experiment's been sufficient in other countries without our spending 
money experimentally ? 

Cieneral Ben6t. No; we must acquire our knowledge of how to build 
guns by experience, just as they have done abroad. In the first place it 
will require experience and probably considerable experiment to make 
the steel itselt^ but after you have got a suitable metal there still re- 
mains this important question to be determined, how to mechanically 
combine the various parts so that the gun shall be in the best condition to 
do it« work. This in fact is the ca])ital operation in gun construction, 
and necessarily involves experiment. It is a practical question that is- 
far from being worked out to a wholly satisfactory conclusion, even with 
the best gun constructors of Europe; and, besides, their methods of pro- 
cedure in respect to these details of construction are just the points on 
which they do not care to publish any precise information. To give you 
some slight idea of what is involved in this question, I submit some 
translations from foreign authors on the resistance of compound tubes^ 
or, what is the same thing, built up guns; so you see this is not only a 
matter of gi^eat mechanical skill, but also of careful mathematical iuves* 
tigation. 

The Ghairmai^. Is your idea that it is not necessary for us to spend 
money in experimenting in reference to that material because it has al- 
ready been sufficiently experimented with by foreign countries! 

General Ben:6t. The question is whether you can get it here. We 
want steel, but can we make it f 

Senator Hampton. What does one of the Krupp 10-inch guns costf 

GiBneral Ben^t. I cannot tell you exactly. I know that six years ago 
we asked Krupp what he would sell a 12-inch gun and carriage for, and 
he said he wanted $46,000 in gold, delivered at his works. That was a 
gun that would weigh about 40 tons. They have gone up much higher 
in weight than that. Krupp makes guns of 70 tons weight now. Here 
is a list which I submitted to the Getty Board, giving very closely the 
prices of foreign ordnance. 
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Cost of Europeati guna. 



Nfttare. 






S. 






Remarks. 



Whltworth 17.78« 
Woolwi/Bh 



0.75 



ArmstroniE 

Krupp 35.9» 

KruppaO.S** 

Krupp 28.(K« 

Krapp 15.(K- 

Kmpp 16.0^ 

Krupp 15.(K« 

French 24» (L. S.) 
French 24"» (L. S.) 
Italian 24» short . . 
Italian 24«* long . . . 

ItaUan32» 

Italian 45«« 



18.98 

12.00 

10.23 

6.9 

5.9 

5.9 

9.45 

9.45 

9.45 

9.45 

12. tt 

17.72 



8.02 



51.18 

35.43 

21.05 

4.07 

8.94 

8.44 

15.01 

13.75 

14.01 

17.02 

37.4 

90.0 



$824 All steeL 
584 to 727 Wrought'iron tnb(*<l with steel. The 
largep the gun, the less the cost per 
ton. 

727 to 800 , TVrought-iron tubed with steel. 
1,300 I ) 



1,012 

941 

1,076 

1,176 

1,074 

349 

*1, 028 

305 

307 

239 

293 



^ All steel. 



1 



Cast-iron hooped and tubed with steel. 
All steel. 

Cast-iron hooped with steel. 



* The cost of the French 10.63*inoh (27<^*) steel inin is given by Captain Gadaud, in his "Camet de 
Notes et Renseignements, 1881," approximately at 9762 per ton, and of the 13.38-inch (34**) steel gun at 
9884 per ton. 

There is another thing to which I should like to call the attention of 
the committer. If we go into this gan business, I do not see how we 
can do it under the present laws; therefore I would suggest that there 
be added in the fortification bill this proviso: 

Provided, Th&t section thirty-seven hundred and nine of tlie Revised Statutes is 
hereby amended so that its provisions which require tliat purchases shall be made 
from the lowest bidder after advertisement, sliall not apply to ordnance, and their 
carriages, projectiles, gunpowder, and other war explosives, nor to the materials en- 
tering into the manufacture thereof, and whatever is requisite in military experiments 
with them. 

That section requires that everything purchased for the government 
shall be under advertisement, and the contract be awarded to the low- 
est bidder, unless there is no time to do it, and theu purchases can be 
made in market as an exigency. That is the law under which we work. 
The Navy, however, have always had a law on the statute book by 
which they make an exception, so that ordnance, and anything of that 
kind which is special, that cannot be bought in the market, can be pro- 
cured without advertising. La«t year Congress extended the applica- 
tion of that statute to include all ordnance, ammunition, apparatus for 
their use, and the materials for producing them. Therefore they buy 
where they can get the best. In making a gun you do not want the 
cheapest thing unless it is the best. 

Suppose we want a piece of steel, we have to Jidvertise for it, and, 
perhaps the man who will give it to us cheapest is the man who has had 
the least experience, and we know it, and when we get the steel it may 
not be up to the standard. You may say, then, go and get it from some- 
body else, but that involves delay, and a year's time may be lost. 
Therefore, I think the law ought to be modified, and I strongly recom- 
mend that the proviso 1 have drawn up be added to the fortification 
bill. That proviso has reference to ordnance materials which are not 
usually to be had in the market. Take the case of i)owder, it is as 
purely a special thing as a gun. The powders that we use now are no 
more like the powders we used twenty-five years ago than the inkstand 
on the table before me is like powder. 

For instance, with the 100-ton gun each grain of powder is not quite 

S. Eep. 909 7 
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as big as that inkstand, but not far from it. Each gi*ain i3 about 2-incb 
cube. In the 8 inch guns I have spoken of we do not use tlie old- 
fashioned powder, but each grain is nia^le separately in a mold, and is. 
what we call the hexagonal grain. There are different shai)e8, tlie ide^ 
being to put the powder in such a shape, and always make it of such a 
density that we can regulate the burning of it, that is, to regulate the 
rate at which the gases are evolved, and thus obtain a more gradual 
action on the shot. In that way we are able to keep ilown the pressures, 
and avoid straining our guns. It is a study of itself to try to get the 
powder that is most suitable for the gun, and actually for every gun there 
ought to be a special powder if you want to get the best results possible. 
So all these things hang together. When you make a gun a great deal 
depends on what kind of powder you are going to use in it. If you use 
a certain powder that will give you low strains the life of the gun may 
be extended ; on the contrarj^ a quick powder that will run up the 
pressures above what the gun is able to resist will cause the gun to go 
to pieces. The gun is only so strong, and you cannot make it stronger. 

Every now and then we hear of a steel gun in Europe breaking, not- 
withstanding all their experiments, due either to faulty construction or 
to overstraining the piece, and you must expect the same in this country. 
True, we have so little of it that when one of our guns does burst people 
think the Ordnance Depaii;ment has overstepped the bounds and is go- 
ing to pieces as well as the gun, but we find the same thing occurring 
everywhere else. In England they have what they call a cemetery of 
old guns. 

As regards the strength of the metals to be used in gun construction^ 
a rough rule to go on is about this, wrought iron is twice as strong as 
cast iron, and steel is about three times as strong as cast iron. 

In my annual report of this year, and I think I sent several copies to 
the committee early in the session, I stated in a very few words my views 
in regard to this matter of procuring an armament for coast defense, 
that is, my ideas and recommendations in regard to new constructions^ 
and if you permit me I will read from it. 

The ''Act making appropriations for fortifications and other works of defense, and 
for the armament tnereof, for the fiscal year ending Jane 30, 1S82, and for other pur- 
poses/' approved March 3, 1881, provides : 

''And tne President is authorized to select a hoard, to consist of one engineer officer, 
two ordnance oDicers, and two officers of artillery, whose duty it shall he to make ex- 
aminations of all inventions of heavy ordnance and improvements of heavy ordnance 
and projectiles that may he presented to them, including guns now heing constructed 
or converted under direction of the Ordnance Bureau ; and said board shall make de- 
tailed report to the Secretary of War, for transmission to Congress, of such examina- 
tion, with recommendation as to what inventions are worthy of actual test, and th& 
estimated cost of such test ; and the sum of twenty-five thousand dollars, or so much 
thereof as may be necessary, is hereby appropriated for such purpose." 

Under this act a Board, of which General George W. Getty was president, wa« con- 
vened, and after laborious sessions, extending through ten months, made its report to- 
the Secretary' of War May 18, 1882. The Board in its report recommended for trial, and 
for construction and trial, the following gnns, viz : 

The Lyman-Haskell accelerating or multicharge gun, of 6 inches caliber^ for trial. 

Dr. \V, E. Wood bridge*8 plan of a wire-wound cast-iron B. L. gun, wire soldered, 
of 10 inchc^s caliber, for construction and trial. 

Plan submitted by the Chief of Ordnance of a cast-iron B. L. gun hooped with 
stee], of 12 inches caliber, for construction and trial. 

Plan submitted by the Chief of Ordnance of a cast-iron B. L. gun, hooped and 
tubed with steel, of 12 inches caliber, for construction and trial. 

Plan submitted by the Chief of Ordnance of a cast-iron M. L. rifled mortar, hooped 
with steel, of 12 inches caliber, for construction and trial. 

W. P. Hunt's plan of a steel B. L. gun, of 10 inches caliber, for construction and 
trial. 
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Dr. W. E. Woodhridge's plan of a brazed steel-wire B. L. gnn, of 10 inches caliber, 
for construction and trial. 

Plan submitted by the Chiof of Ordnance of a steel- wire B. L. gun of 8 inches cal- 
iber, for construction and trial. 

Dr. \V. E. Wood b rid ge*8 plan of a steel B. L. gun, longitudinal bars, wire-wound 
and soldered, of 10 incYies caliber, for construction and trial. 

A wire-wrapped B. L. steel rifle, after the ])lan of Schultz, submitted by Col. S. 
Crispin, of 9 inches caliber, for construction and trial. v 

This report was trauHiuittod to the Senate by the Secretary of War May 29, 188*2, 
but no action wjfs taken by Congress at its last session to carry out the recommenda- 
tions of the Board. 

These recommendations are now before Congress for its action, and the recent ap- 
pointment by the Senate of a select committee **to take into consideration the sub- 
ject of heavy ordnance and projectiles for the armament of the Navy and the sea^ 
coast defenses," and who are to re])ort " to the Senate at its next session," make it 
proper for the department to await the action of Congress before entering on the 
uiannfactnre or conversion of heavy cannon. 

With the very pressing need for sea-coast armament constantly before ns, it sbould 
seem expedient to take every advantage of our own resources to help provide for our 
wants. It will doubtless be practicable for us to produce rifled guns of moiierate 
power even from cast iron, provided the east iron be suitably strengthened with Kteel 
hoops, or, better, with hoops on the exterior and a steel tube on the interior. Such 
guns, however, are very heavy in proportion t-o their power. The substitution of steel 
wire for the hoops would seem to be an advantageous modiflcation, and its trial, as 
recommended by the Board, promises important results. A similar plan is now being 
tried with experimental cast-iron guns in France. Fd' the manufacture of rifled mor- 
tars, cast iron strengthened with steel hoops may be nsed to advantage. In the mor- 
tar very great strength is not needed, as the charges employed are small; bnt stnc^ 
its fire is comparatively uncertain, it is necessary, in order that it may be efiective, 
that what it lacks in accuracy may be made up by the number of mortars used. With 
snch pieces, therefore, cheapness and facility of production are essential requirements, 
and the small charge and short bore admit of using a comparatively light mortar. 

The material out of -which full-power guns must be made is unquestionably steel. 
All the first-class powers of Europe have adopt-ed it. Even those that have sjient 
more millions than we have thousands in the effort to determine on the most reliable 
metal for gun construction, are abandoning cast and wronglit iron, either simple or 
in combination with other metals, and are now devoting their attention to steel, and 
to steel alone. The marvelous strides in gnn construction made within a year or two 
in the manufacture of gnus of great strength and high power point to the conclusion 
that encouragement should be given in every way poasible to the manufacture of 
steel in large masses suitable for this purpose. At present tentative efiforta have de- 
veloped but little to encourage the hope that steel guns for coast defense can be nro- 
duced in this country. The use of wire-wound guns, if they prove as successful as 
recent experiments here and abroad make us hope, will greaiCly simplify the problem, 
by limiting the number and size of the steel masses needed, while the wire itself can 
now be procured from our own manufacturers. Under the most favorable circum- 
stances, however, the country is in no condition at this time to undertake such con- 
structions wholly out of home products, and the subject is of sufficient importance to 
arrest the attention and receive the careful consideration of Congress. This subject 
can only be successfully met either by establishing a national foundry or by assisting 
and encouraging private fonndries to procure the necessary plant and experience. 

Among the guns recommended by the Getty Board is a 10-inch cast- 
iron rifle wrapped with wire. We put wire on the outside instead of 
steel hoops. An Sincli steel gun would probably do as much work as 
the 10-inch gun of cast-iron, because cast-iron cannot be pushed as hard 
as steel. A cast-iron gun hooped with steel was also recommended, 
but, to quote from my report — 

The substitution of steel wire for the hoops would seem to be an advantageous modi- 
flcation, and its trial, as recommended by the Board, 

I refer to the Getty board, 

promises important results. A similar plan is now being tried with experimental 
cast-iron guns in France. 

IS'ow, in regard to rifled mortars. I have a drawing here of one, also 
recommended by the Getty Board. The engineers want mortars for ver- 
tical fire so as to throw a shell on the deck of a man-of-war, because 
they cannot aftbrd to put more than a few inches of iron on the deck. 
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They usually put the bulk of their armor on the sides of vessels. There- 
fore we ought to have mortars. We can make these mortars ; the French 
have been very successful in the way of cast-iron muzzle-loaders of a 
type similar to this. 

The Chairman. What is the size of the mortars you propose? 

Greneral Bbn6t. Twelve-inch caliber. 

The Chairman. How many? 

General Ben6t. We want several hundred. The engineers do not 
say how many, but 1 think they would want several hundred. 

The Chairman. About what would they cost? 

General Ben6t. The Getty Board, on page 13 of their report, say 
it will cost about $7,000. Of course that is only an estimate; it might 
go a little above it. 

Among the other papers which I have here is a table showing the 
depth of water at the entrance of particular harbors of the United 
States at high and low tide, and the number of war vessels having more 
than 10 inches oi armor that can enter each. 

D^tk of water at the entrance of principal harbon of the United States at high and low 
tidey and number of war vessels having more than 10 inches of armor that can enter each. 

[Total Dumber of such vessebs, 50.1 



Harbor. 
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Portland 

Portamouth 

Boston 

Newport 

New Haven 

Kew York 

Philadelphia 

Baltimore 

Washinji^n 

Norfolk 

Wilmington 

Charleston- 

Savannah 

Pensacola 

Mobile 

New Orleans, &o. (Missiasippi River) 

Galveston 

San Dieico 

San Francisco 
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36 
36 



All. 
All. 
24 10. 

13 None. 

14 None. 
23 10. 

31 All. 
20 4. 
26 29. 
30 I All. 

None. 

None. 

None. 

10. 

4. 

29. 

None. 

4. 



9 
14 
10 
22 
21 
26 
11 
21 



31 I All. 



*From the coaat and harbor ohart« of the United States Coast and Geodetic Survey. 

I have already given a list of the war vessels of the world and the 
thickness of the armor in inches, the draught of water, and the arma- 
ment. Of course, where the thickness is less than 10 inches of armor, 
we do not think the vessels are very formidable. It may surprise you, 
but it is a fact, that deducting monitors and coast-defense vessels (that 
is, vessels which cannot cross the ocean), the number of vessels in all 
the navies of the world that carry more than 10 inches of armor is ex- 
actly 50. They are all named in the list I have presented. Of those 
that carry less than 10 inches of tliickness there are only 177, and of 
those tliat do not carry any armor at all, 341. 

In regard to what our 8-inch converted guns did, I thought I would 
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bring the photographs here and you can see how they penetrated and 
what holes they made. Here are photographs of some of their work. 
(Exhibiting.) 

The Chairman. 'Willyou put these in testimony! 

General Ben^t. Yes, sir; here are some blue prints in regard to 
these same experiments. I brought them because there' has been a 
good deal said against these' converted guns. These are the same ex- 
perimpents, and the^e drawings show exactly what the penetrations are. 

Here are drawings of the guns that I would recommend for construc- 
tion. (Exhibiting drawings.) 

The first, you perceive, has the outline of the gun from which it is 
converted — that is, the old smooth-bore gun. We bore a hole right 
through and make the bore a little larger, and then put in a wrought- 
iron tube. We insert it through the breech, and we shoulder it in so 
that it cannot be pulled out by the drag of the shot. We put on the 
tube what we call a jacket, which is also of wrought iron, and that is 
screwed into the cast iron. That is the gun which withstood all the 
tiring, and has done the work of which I have told you, and we have 
not had any bursting of the gun. If you tried to apply the system to 
higher calibers I think you would have trouble, arising principally from 
the coiled wrought-iron tube. In making those tubes, we take a long 
bar of wrought iron, thirty or forty feet long, and heat and coil it so 
as to make it in appearance like a spiral-coiled spring. That coil then 
has to be heated, the folds closed and welded. The difficulty is to 
make these coil welds perfectly sound, as sometimes they yield. After 
our trials, we came to the conclusion that this system would not answer 
for guns of very large caliber. I think the English have come to pretty 
much the same conclusion, because all their guns of that kind are small 
ones. 1 think they have 2,000 of them, and most of them are of even 
smaller caliber than our 8-inch gun, what they call a 65-pounder. 

The other drawings are of the guns I would recommend to be made 
if Congress seriously intends making such guns as are necessary to 
properly arm our sea-coaat forts. This is the 10-inch cast iron gun, 
wire woand. The wire is wrapped around the cast iron. In making 
one we would run the wire beyond the trunnions, make it a breech- 
loader, and perhaps put in a tube. That will be carrying out one of the 
French ideas for utilizing cast iron. My predilection is for steel when- 
ever we can use it, if we are only able to make it. These are the draw- 
ings of the steel guns that I think we should make. One is an 8-inch 
rifle, consisting of a steel tube jacketed and hooped with steel, and the 
other is of 10-inch caliber, strengthened with longitudinal steel bars and 
wrapped with steel wire. We may not be able at first to make so large a 
gun — we may have to begin with a gun of 8-inch caliber. This last 
plate is the rifled mortar recommended by the Getty Board, and indeed 
all these guns are recommended substantially by the Getty Board. 

The Chairman. The mortar is made of cast iron, I understand! 

General BeniSt. Yes, sir; with steel bands outside. It is a very 
simple construction. 

Senator Hampton. Do the mortars throw conical shot! 

General Ben6t. Yes, sir. To give the committee some idea of what 
is being done in the world in the way of heavy ordnance and high- 
power guns, I will submit these tables, showing the dimensions, weights, 
charges, velocities, energies, penetrations, &c., of recent European ord- 
nance. 
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• Krapp gives the following table of penetrations for the 30.5-centimeter (12".0) gun, 
35 calibers lone ; and which contains besides some data respecting the plating of the 
most formidable irou-clads. 



Kame of ship. 



England : 
'Inflexible. 



Nature of armor at thickest point. 



MfljeftUc 

Colossoa 

Ajax .. 

Agamemnon 



12".0 of WTonjght iron, 10".8 of teak, 12''.0 
of wrought iron, 6".! of teak, and an iron 
skinof2".0. 



18". of compound armor in tvro layers and 
an iron skm of fk^om 1".2 to 1".5. 



France: 
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In tbe Getty Board report they make a remark in regard to the con- 
verted guns I have been talking of, and I want to state the case exactly 
as it stands. On page 8 of that report, speaking of the subject of con- 
verted guns, it says: 

Although the greater part of the couverslons using wroiiffht iron as a lining tube, 
as detailed in the yearly reports of the Chief of Ordnance, have given in small guns 
apparently good and encouraging results, it is on the whole, considering the history 
or all the guns so converted and constructed, including the 11-inch and 12.25-inch, a 
questionable success. 

Bnt in so expressing itself the Board desires it to be distinctly understood that it 
does not overlook the fact that in the smaU guns referred to, the 8-inch guns, coin<' 
paratively ineffective smooth-bores, have been converted into effective rifles. 
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And then they go on : 

Deeming it simply unwise to continae the nse of wroaeht-iron tabes, particularly 
for breech-loading conversions and all calibers above U inones, un^il it shall have been 
shown that other conversions and constructions are not what, from the most advanced 
views, we have a right to expect. 

The 12.25-iuch that they say is a questionable saccess, I will remark, 
was an original constraction; it is a cast-iron gun of 12^ inches caliber, 
with a wrought iron tube in it, made exactly as you see on that drawing. 
In view of the trials made since the Getty Board report was made, I do ' 
not believe it would now be called a questionable success. We have 
been firing it lately and have run it up to over 50 rounds and have in- 
creased the charge of powder to 200 pounds with a shot weighing 700 
pounds, and the gun is good now and does not show any mark of 
yielding, so that it may prove to be a complete success yet if we con- 
tinue firing it. 

Senator Hampton. What is the penetration of that large gun ? 

General Ben:6t. We never tried it ; but I take it for granted, from 
experiments in Europe and working from the formulas, that it ought to 
penetrate from 17 to 18 inches of wrought iron. That is about a caliber 
and a half. 

The Chairman. How many 12-inch guns have we ? 

General BEN:fiT. We have only that one. 

Senator Hampton. A smooth-bore ! 

General Ben6t. We have no smooth-bore 12-inch. 

The Chairman. How many 16-inch guns! 

General BenjSt. Over 300. 

Senator Hampton. Had you not some smooth-bore 12-inch guns 
during the war ? 

General Ben:6t. No, sir; we had 8 and 10 and 15-inch. The Navy 
has 9 and 11, and then above that 15. 

Senator Rollins. You say that we have 300 15-inch guns I 

General Benet. Yes, sir, there must be 308 or 310; 1 do not know 
the exact number, but over 300. 

Senator Kollins. Where are thej^ f 

General Ben:6t. They are scattered about at the forte all over the 
country, and most of them are mounted. And here 1 wish to call the 
attention of the committee to another consi<leration. A lO-inch smooth- 
bore gun can be put on a carriage and hebt without much difficulty; 
but when it is converted into an 8-inch rifle the recoil is much greater, 
and something additional must be provided to absorb the recoil. That 
costs money. For an 8inch carriage the additions to the old 10-inch 
carriage necessary to check the recoil will cost from $500 to $600 a 
carriage. For the 15-inch smooth-bore gun, where we originally used 
only 50 pounds of powder, we now use 120 pounds of powder and a 
shot weighing 450 pounds ; it will cost from $1,200 to $1,500 a carriage 
to provifle means to check the recoil and facilitate*, maneuver, other- 
wise it will turn a back summersault. So the whole subject is one that 
requires the expenditure of a great deal of money. 

I would recommend that the money be appropriated to properly 
mount all the 15-inch guns in our forts. They are good guns for sec- 
ondary purposes. Let them be provided with a recoil check, so that ' 
they can be used. But we must see if we cannot make steel guns in this 
country; we must do something in that direction. We ought to do it 
immediately. It is the only way in which we can eventually work up 
to the monster 100-ton guns that are indispensably necessary to the 
defense of all our important harbors, and to cope with the ships and 
guns of modern European navies, for in steel we have no practical 
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experience, and the sooner we commence the better. This bailding of 
guns has advanced beyond the point where it merely required a mass 
of metal of any kind simply cast into form, and has grown to a science, 
as you will see when you look over the papers I have submitted. The 
energy of Krupp's 12-inch steel gun, which is a high-power gun, is, you 
will see from the tables, about 20,000 foot-tons, while that of the Arm- 
strong 100-ton gun is about 40,000 foot-tons, and that is the energy re- 
quired to smash in the plates and backing after the fashion of t he late 
Spezzia trials. STI^^ 

The Chairman, If we were to make some cast-iron guns, what size 
would you recommend! 

General Beni^t. I would make a 10-inch gun, nothing below that; 
put a steel tube in it, wrap it outside with wire, and make it a breech- 
loailer, and test it. I think it would make a very ef&cient gun. 

Senator Hampton. What would be the caliber of the rifle when you 
put the tube in f 

General Benj^t. The object of the tube in this case is to assist in 
holding in the breech-block, to give the gun longitudinal strength, as it 
is termed. It is wanted at the breech, and only extends as far as the 
trunnion. The bore would be 10 inches. 

The Chairman. How many would you suggest of that kindt 
. General Ben:6t. We should want to make one first, and try it before 
making the guns in quantity. 

Senator Rollins. Using a steel tube! 

General Ben^t. Yes, sir. Some would try it without a steel tube. I 
do not know but that if I went into it I might try one with a steel tube, 
and one without it, merely using the cast-iron for the bore, but in both 
cases strengthening it on the outside with wire. I am always willing 
to shoulder all the responsibility ; and we must expect failures, as every 
country on the face of the earth has had them. We have had some and 
we must expect more. Gunpowder is a treacherous thing to manage. 

The Chairman. I should like to* have you examine all the different 
propositions submitted to the committee and suggest what you think 
would be liberal and fair. My notion is that the government, if it does 
not take too much money, wheuever a good thing is submitted, ought 
to test it. I should like you to examine these propositions and give us 
your views about them. 

General Ben:6t. I shall be very glad to do it. In regard to inven- 
tions, I get, 1 suppose, 365 inventions a year of all kinds, and parties 
say, *' We think the government ought to try this thing on its merits.'^ 
I say to them, "If you can get Congress to give me a million dollars a 
year, I think I could try almost every thing. I cannot do it with the 
present appropriations." If the invention is a success, the parties in- 
terested are going to charge a royalty. Thereibre, as they are inter- 
ested, they ought not to expect the government to bear all the expense* 
If a mail brings a sh6t to me I refer it to the Ordnance Board (who are 
in session all the time and have more than they can attend to now), and 
they examine it, and if they say it is a good thing and ought to be tried^ 
I ask the inventor to let me have a small number for trial made at hi& 
expense, and the government will supply' the gun and i>owder to try it. 
We divide the exi)ense in that way. Sometimes they do it, and some- 
times they do not. Sometimes, if it is a thing that we think very highlj^ 
of, we fttretch a point and make the experiment fully; but there is not 
more than one case out of a hundred where we would take the risk of 
spending any money. That is the usual rule of practice. Some of our 
best inventors never wonld have succeeded if they had not had suffi- 
cient faith in their inventions to risk a trial. 
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GENEBAL S. V. BENETS STATEMENT CONTINUED. 

General S. V. Ben^it, U. S. A., recalled. 

The Chairman. You did not get through the other day. 

General Ben:6t. I got through upon the general subject which 1 wa» 
discussing ; but you intended that I should look over the papers which 
have been submitted by other parties and you wanted to ask me some 
questions. I have not seen the papers, but perhaps I can answer the 
questions. All these subjects have been before the country more or 
less heretofore. 

The Chairman. In your opinion what number of guns, no matter 
what patterns may be selected, should be attempted to be wrought at 
this time, either changed or made; and what different sizes do you 
j.hink we ought to have ? 

General Ben]^t. Do you mean at this epoch, or this year! 

The Chairman. I mean upon the general subject. 

General Ben^t. I would say that to begin with the material we have 
oj;^ hand, we ought to continue the conversion of the lOinch guns I 
spoke of the other day until we convert at least 300 of them, making 
the 10-inch cast-iron smooth-bore guns into 8-inch rifles. I would go 
on with the work and adapt the carriages to the converted guns ; we 
have carriages for them, but they require to be altered ; some money 
has to be expended on the carriages in order to make them serviceable. 
I would at the same time go on to suitably modify the carriages for the 
15-inch smooth-bore guns, to admit of the use of an increased powder 
charge; we have 300 of these guns and nearly enough carriages to mount 
them, but only about one-half of the carriages provided with recoil 
checks, and I think we ought to commence work on placing all these 
carriages in a serviceable condition and mount these guns on them. 

The Chairman. We have already the 300? 

General Ben6t. We have 300 15-inch guns. It is merely a quostioD 
of carriages and mounting as to them. In regard to the other recom- 
mendations that I made, of necessity they must be of an experimeiV^l 
nature. 

You asked a question the other day that I answered, but probably 
not as fully as I might have done; and that was as to the use of making* 
experiments in this country when similar experiments had already been 
made abroad, which was a very pertinent question. 

The reason is this: That while we know exactly what we wish to do, 
the very end sought by exijeriment is the knowledge of how to do it^ 
and experiments abroad do not furnish us with that knowledge; we 
must begin it for ourselves. We must first learn how to make the 
proper metal. We want steel for gun construction; we must learn in 
this country how to make suitable steel for that purpose. It is not 
every mass of steel that is made that is fit for a gun. In order to 
practically work out the question here, we must begin with the smaller 
masses used in the lighter calibers of guns, and when we have suc- 
ceeded with those, to increase oiir plant and go up to the heavier masses 
required for larger guns until we are able to produce guns of 100 tons, 
or even larger, if necessary. This is working up the material and is. 
one line of experiment. Then another line is this, after we have got 
the steel we need experience in the mechanical shaping and fitting ot" 
the various parrs that compose the gun; and in so combining them 
under that degree of shrinkage or tension as shall place the finished. 
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.^n in the best condition to resist the strains that we expect to put 
upon it; that is, for a given weight and quality of material, we wish to 
make the gun as strong as possible. That requires a great deal of skill 
and the necessary knowledge, that can only come through experiment. 
Therefore when we test a gun we are not only testing the quality of 
the material that enters into its coustniction, but we are testing the 
<;haracter of the workmanship and the soundness of our rules for build- 
ing up or assembling the gun. If the gun proves a success we may 
<3onclude that the metal is good and that the system of combination is 
reliable for the caliber tested, and we should be justified in producing 
in quantity guns oi that type aud caliber. In the same way we should 
proceed with each caliber, making first sure of the ground on which we 
43tand by carefully conducted experiments, before going extensively into 
manufacture, and before making any step in adVance, so if we are going 
to procure anything more formidable than we have at present for the 
armament of our coasts, we must begin with experimental guns. • 

This leads me to refer again to the guns of this character that I would 
recommend for construction and trial. I should wish to make, say, two 
mortars of cast iron, one to be strengthened with steel hoops and the 
-other with steel wire. There should be very little difficulty in making 
those pieces. I weuld not recommend the manufacture of more than 
two, because, as I have said, this is an experiment. We want to see 
what we can do; we want to see whether we can get the material for 
the bands of the right quality, and whether we know exactly under 
what tension to put them on the cast-iron body of the mortar; we 
wish to ascertain if we have employed the proper shrinkage to get the 
best results. 

In the same way as regards wrapping wire. We have done a little of 
that here in one gun on the Woodbridge system, but we desire to mcake 
further trials, and we must test it experimentally before we go into it 
on a large scale. There is no difficulty in procuring the cast-iron parts. 
TVe have as much experience in that manufacture in this country as 
they have in any part of the world. In the cast-iron guns that I want 
to try wrapped with wire or with bands around them we shall have no 
trouble in making the cast-iron body ; we know all about that. I would 
recommend two such cast-iron guns, one with hoops and one wrapped 
with wire, to be new constructions and breech-loaders and of such 
length as will give as high a degree of power as can be obtained without 
abiding too much to the weight of the gun. 

Tben I most urgently recommend the manufacture of two all steel 
guns, say of 8*inch caliber, because that is the largest gun that can 
probably be made in this country at this time. I should want to make 
one of those 8-inch guns of the steel band construction and the other a 
wire- wrapped construction, making them both breech-loaders and guns 
of full power. That is my recommendation, and I do not see any other 
practical way of conducting the mq^tter in order to arrive at any sensi- 
ble conclusion. 

If the committee should decide upon carrying out the scheme which 
I have presented, I think that probably the sum of $350,000 or $400,000 
would suffice for this year, because if we got more money we could not 
spend it judiciously, and I would not spend it unless I knew exactly 
what I was about. But the question of steel is one that we ought to 
go into; there is no doubt about that; and unless there is a disposition 
on the part of Congress to go into the matter I do not see what encour- 
agement can be given to manufacturers here. 

The Chairman. What do you think about testing some of the inven- 
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tions of guns which have been presented to the Ordnance Department 
and to the Getty Board? 

General BenI^t. I think whatever might be done in that direction 
onght not to interfere with the scheme I have presented in regard to 
new construction. 

The Chairman. I am not speaking of it in connection with that; 
but what do you think of the government giving facilities for testing 
such guns as might seem valuable! 

General Ben^t. I think it all very well where the invention is one 
that promises favorable results. In any system that is presented the 
only novelty, that we are likely to find at present would be in regard to 
the breech arrangement or closing of the breech. We take it for granted 
that the guns when made of high power must necessarily be made of 
steel until we find something better, and the system of built-up con- 
struction seems to be pretty well defined, therefore the question would 
reduce to the simple testing of a breech mechanism. It comes to that. 
Now we know that in the world there are two breech systems which 
have been tried and have been accepted, they are the Krupp breech 
blocks, and what we call the slotted screw or the French block, both of 
which are indebted for much of their merit to American invention. • 

The Krupp system is used in the Krupp guns. Krupp has made 
more guns on that system probably than have been made on any other 
system. The Bussiaus also have made some on that system, though 
they are now experimenting with the slotted screw, but the rest of the 
European nations evidently prefered the slotted screw. I am in favor 
of the slotted screw myself, and I think any guns that are made by the 
government ought to be made with that breech arrangement for this 
reason, that with that system we use smaller masses of steel than we 
do with the Krupp. Krupp can make large masses of steel because 
he has the exx>erience and possesses an immense plant; but where we 
are making a beginning, the smaller the masses of steel we have to 
work the better we can make them. So far as mere working goes, the 
two systems seem to be about equally balanced, as far as we are able 
to judge. 

Now if you come to any novel system of breech construction, neces- 
sarily it must be something very novel, and that promises most ad- 
mirable results, before there would seem to be any warrant why money 
should be expended in testing it. I do not know that any other breech 
system that I have seen or heard of promises any better results than 
the two systems which are being used all over the world. You may 
find a breech system that probably is equally strong, but then it may 
be very cumbersome; it maybe very complicated. Therefore there 
would be an objection to that. Then there are other systems that seem 
to be very simple but actually do not promise good results. So that 
in regard to breech-loading arrangements I do not know of anything 
that I would recommend the expenditure of money to make a large gun 
in order to test the system, when we have two systems that are adopted 
by the world and have been tested to a remarkable degree with guns 
of all sizes. The Krupp system has been tested from a field gun up to 
gnns of 72 tons weight. Therefore that system has been successful 
through the whole range of guns. Take the slotted screw that has 
been tested from field guns up to lOOton guns. The gun that was fired 
at Spezzia the other day, fired against steel plates, &c., was a 100-ton 
breech-loading gun on the slotted-screw system. Therefore those two 
systems have been tested satisfactorily all the way up to the very 



108 HEAVY ORDNANCE AND PROJECTILES. 

heaviest gan, and thus we know that if we employ them in making^ 
guns we cannot go wrong. 

It must be something remarkably good to induce us to change to 
something else ; not that others may not have merit, but that these are 
so far superior to anything else that has as yet been presented, at least 
so far as I am able to judge. 

It is very much like a breech -loading rifle, for instance, that you fire 
from the shoulder., I suppose there may be fifty or one hundred differ- 
ent kinds, any one of which fifty years ago would have been considered 
a wonder, and now, out of these there are only two or three or half a 
dozen that people will use, not that they all have not merit, but that 
some are much more meritorious than others. 

The Chairman. How many did the Getty Board recommend a trial 
of! 

General Ben^t. The Getty Board recommended ten different guns. 
One was the Lyman-Haskell multicharge gun, in reference to which a 
gentleman presented a paper the other day while I was here, and the 
remaining nine are embodied substantially in the experimental guns 
that I have recommended. They are all from general types recom- 
mended by the Getty Board. So there is nothing: new in them. Of 
course, as to the Lyman-Haskell gun, they merely recommended that 
it should be tested because they knew the gun was under fabrication. 

The Chairman. Which one of the systems is that? 

General Beni^t. That is the one with little pockets. 

The Chairman. I understand ; but under what plan is the breech- 
loading arrangement f 

General Ben^t. The plate that accompanies the report of the Getty 
Board is on the Krupp system, but the gentleman in his speech the 
other day said that thej had changed it for the slotted-screw system, 
although the gun is not finished yet and probably may not be finished 
for some time. 

The Chairman. Suppose that the committee should adopt the theory 
that you could expend |300,000 or $400,000 in converting and in mak- 
ing such guns as you would like to have made for the purpose of tests ; 
then what other recommendation would you make in reference to an ap- 
propriation for testing such guns as you might deem promised success 
in case such guns were presented f 

General Ben^t. It is very difficult to answer that question because 
it depends upon the size of the gun. You may have a gun of a certain 
size that would cost $100 every time you fired it, and, again, there 
might be others that it would not cost more than $50 a round. A smaU 
gun should be fired between 500 and 1,000 rounds in order to test the 
system thoroughly; with very large calibers from 200 to 300 rounds 
would suffice. 

The Chairman. For the purpose of testing a gun, I suppose you 
would not make the largest gun first ? 

General Ben^t. I shoald not. In gun construction we always be- 
lieve in beginning at the bottom with the smaller calibers and then 
working up, because as you increase the size of the masses employed in 
construction difficulties of fabrication are very much increased, and, 
hence, while an inferior metal may answer for a small gun, only the very 
best will answer with a large gun. 

The Chairman. The 8-inch gun, for instance ! 

General Ben^t. Take the 8-inch gun. If that is a success then you 
can go up from that to a 10-inch gun ; but you cannot say that a 12incb 
is going to succeed because your 8-inch has succeeded ; you can only 
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eay a 12-inch gun is going to succeed after you have tried it and proved 
it to be a success. 

In regard to testing guns, we find in the Gtetty Board report that as 
to the guns they havo recommended they have stated exactly how much 
each round would cost to test it. They have put down what they esti- 
mated would be the cost of the gun. They have stated exactly how 
much powder, and projectile, and labor, and so forth, would cost for 
every time it was fired. 

I should like to refer again to the subject of amending the section of 
the Revised Statutes as 1 suggested, so as to enable us to get steel and 
other materials without advertising, and having to accept the lowest 
bid. 

In the naval appropriation bill of last year, referring to section 3721 
of the Revised Statutes, which allowed the Navy to procure ordnance, 
gunpowder, &c., without advertising and awarding contracts to the low- 
est bidder, they had this provision inserted : 

The words ** ordnance'^ aud '* gunpowder '' iu section thirty-seven hundred and 
twenty-one of the Revised Statntes shall be construed to mean offensive and defensive 
arms, ammunition, and explosives, the apparatus for their military use, aud the ma- 
terials for producing the whole, and also transportation, necessary information con- 
cerning them, and whatever is requisite iu military experiments with them. 

You see how broad the provision was made. That has exempted the 
Kavy as regards these subjects from the operation of the law that re- 
quires advertising and buying from the lowest bidder. I would submit 
an amendment to cover this very ground, that is to put us upon the 
same basis that the Navy is placed by law, and I would make the amend- 
ment that I suggest to the fortification bill : 

That bectiou 3709 of the Revised Statutes is hereby amended so that its provisions 
which require that purchases shall be made from the lowest bidder after advertise- 
ment, shall not apply to ^'ordnauce" and ''gunpowder," as these words are construed 
to mean iu the act making appropriations for the naval service for the fiscal year 
ending June 30, 1883, and fur other purposes. 

It shows upon its face that it is merely putting the Army upon the 
«ame basis that the Kavy has been placed by the law, and, therefore, 
I do not think there will be any objection to it. 

The Ohaibman. Have you said all you desire to say? 

General Ben:^^t. That is all. If there is any further information or 
assistance I can give the committee, I shall do it with great pleasure at 
any time. 

The Chaisman. Please take the statements and testimony submitted 
to us and make such suggestions as you wish in connection with them. 
Make them in writing, and submit them to us. 

General Ben^^t. I will do so. 

Mr. Davis. Mr. Chairman, may I be permitted to ask General Ben^t 
a question f 

The Chairman. Certainly. 

Mr. Davis. General Ben6t, you stated that your idea was to get to 
the use of steel as fast as possible, and of course everybody is much in- 
terested in that question. In the present condition of affairs, would 
you consider it inexpedient absolutely for the committee to recommend 
an amount of money for the building of some intermediate guns that 
can be made with the present facilities? 

General Ben:6t. In the recommendations that I have already made, 
that object is in view. I would test some guns made of cast iron strength- 
ened either with steel bands or with steel wire. I have also recommended 
the trial of cast-iron mortars, hoot)ed with steel, or wire wrapped. I 
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shoald say that if I had the money, I would probably start perhaps half 
a dozen of such cast-iron constructions, that is, in which cast iron came 
in, believing that we could then determine upon something that would 
make a very good gun, although not what is known as a higli-power 
gun, but a gun simply of moderate power. 

The Chairman. Half a dozen of what character of gun ! 

General Ben^t. Of those where cast iron enters into the construction ; 
that is, a cast-iron gun wrapped with wire or banded with hooj>s, and 
either tubed or not. In that waj', |>robHbly, we could very deliberately 
work up, during the year, half a dozen of these guns that contain cast 
iron. 

The Chairman. Of what size ? 

General Ben6t. In these experiments I would not go higher than a 
10-inch gun. While I think we ought to go iuto steel as soon as we can 
commence, we can, at the same time, provide ourselves with guns of 
intermediate power, in the way I have stated, which, in an emergency, 
would tide us over till we are able to produce steel guns of large caliber, 
and in sufficient numbers for the projier defense of the coast. 



STATEMENT OF WILLIAM P. HUIS^T. 

The Chairman. Please make such statement to the committee as yoir 
desire. 

Mr. Hunt. I want to say a few words on the other side of the cast- 
iron question to that presented by General Ben^t. We have an exten- 
sive plant where we make cast-iron guns. For a great many years we 
have ma-de 9-inch and ll-inch which are well known to be very powerful 
guns, and I wanted to call attention to the evidence that General Ben6t 
has given — that there are 113 of these light guns, as he calls them^ 
which have stood heavy endurance as he admits, and that there has 
never been one of them that has failed, although they have been fired 
with 55 pounds of powder, and several hundred rounds, and although 
all of them have been fired with 35 pounds of power, and there are over 
100 of tiiem that never have failed, and it is a fact that they are a 
lighter gun than the steel guns of the same caliber. They are a very 
light gun, only about eight tons. 

In speaking of the strength of materials, General Benet says that cast 
iron is about half the strength of wrough tiron and about a third the 
strength of steel. I do not know but what if you take Scotch iron, which 
is not more than 12,000 pounds to the inch, and make an average of 
the amount of cast iron used, that would be a very fair and correct esti- 
mate; but the fact is that all guns in order to be acceptable to the 
government have to be over 30,000 pounds to the inch, while it is a well- 
known fact that wrought iron is not over 6,000 pounds to the inch, so 
that it is not fair to class gun metal with ordinary cast iron. 

I should like to ask General Bem^'t if he knows of an instance of any 
kindof a failure of a cast-iron gun since the improvement in gunpowder. 
I should like to ask him in regard to the failures that have been made. 
For instance there was a 10-inch coiled tube rifle that failed ; the tube 
was blown out of tbe gun, but the cast-iron gun was not injured. It 
broke off at the muzzle because the tube came out, but it did not break 
the cast-iron gun. 

My argument is, that with the improvement in gunpowder the strain 
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on the i^nn has beeu very much reduced. Cast iron has uot had auy 
triial whatever. I do iiot know of any trial where cast iron, pure and 
simple, has been tested. I say it is goiug too fast to assume that a 
mortar ought to have steel rings around it, or to assume that cast-iron 
pure and simple must break, until we have first broken one with im- 
proved powder. 

Tlieu I make this argument, that there is not Jiny instance, and I 
should like to call on (ieneral Beuet to tell me of one instance, where 
there has been a failure of an American cast-iron gun with modern 
powder. If there is not, I think it is cmly simple justice to have a trial 
of cast iron. It is uot an expensive matter; it is a very cheap matter. 

I ottered to give the constructor of ordnance once tlie use of a 10-inch 
cast-iron rithe without coat if he would tire it to see what it would take 
to break it. lie never accepted it. I am ready to-day to contract to 
furnish a cast-iron gun to the government and guarantee it to endure 
one hundred rounds with the service -charges that are used in Europe 
in a 10 or 12-inch gun. I will guarantee it to endure 100 rounds. I 
have no doubt it will endure seven or eight hundred, the same as the 
others, but 100 rounds for a gun of that kind is as much a^ will prob- 
ably be required of it. The Italian gun that the General speaks of is 
a lOO-ton gun, and has been fired over 400 rounds. It is a cast-iron gun.. 
There is no other record in Europe of a lOO-ton gun having been fired 
so many rounds as that. 

General Ben]^t. It has bands of steel. 

Mr. Hunt. It is a cast-iron gun with steel hoops, but there is no* 
record of any other gun having been fired 400 rounds. 'No one knows^ 
of course, what that gun will endure, because it has not been broken, 
and still it is good. The fact that the Italian government has decided 
not to have any more is something thati cannot account for. Of course- 
that has great weight, but why they have decided so I am sure I do not 
know, but from the record it would seem to me that there was no good 
reason. As long as they have a gun that has done better than any 
other gun in the world, I do not know why they should be dissatisfied 
with it until they have evidence against it of some kind. 

The genenil theory being that steel is stronger than cast iron, it does 
not follow that a steel gun of a dozen pieces is necessarily stronger than 
a cast-iron gun of one piece. There may be objections to making a gun 
of several pieces. If you have a gun made up of pieces you have to 
have additional strength to hold those pieces together in order to get 
the use of all the strength. 

All I want to say in substance is that cast iron pure and simple baa- 
not had a fair trial, and to show my confidence in it I am willing to 
furnish a gun that will cost $30,000, and assure the government that if 
it does not stand it will be no cost, provided, if it does stand that I shall 
have a reasonable contract to warrant me in taking the risk. 

Now, as to steel, I have connections with other establishments, so that 
I can get steel to advantage. If I could import foreign steel 1 would 
undertake to furnish a steel gun to the government within twelve 
months of 10-inch or 8-inch or G-inch. 1 am ready to guarantee it to 
give a velocity of two thousand feet a second, and I am ready to com- 
mence the manufacture of those guns without delay. I could probably 
furnish the first gun within a year, and after that could furnish perhaps, 
one a week. 

The Chairman. Steel gunsf 

Mr. Hunt. Steel guns; but I should have to import the st^el. I auk 
ready also, with sufidcient encouragement from the govemment|. to com> 



112 HEAVY ORDNANCE AND PROJECTILES. 

mence the plant for the manufacture of Bteel bere. I do not think any 
one will undertake such a plant without some government encourage- 
ment, in the shape of a guarantee of some kind. I am ready to do that. 
At the same time, cast-iron guns would be less than one-half the expense 
of steel, and up to the present time, I say, there is no evidence whatever 
that they will not do the work. The gun that was fired at Sandy Hook 
with two hundred pounds of powder was a cast-iron gun ; and about the 
little guns General Ben6t spoke of, what is the cause of their endurance? 
The only difference between them and a simple cast-iron gun is that 
they have a wrought-iron tube. It is a question whether the wrought- 
iron tube adds strength or detracts. Some officers think it detracts 
from their strength; that they have stood this endurance in spite of the 
wrought-iron tube, rather than by the aid of the wrought-iron tube. 
That is an open question which has not been tried. What I want is to 
have it tested. If these little 8-inch guns would be as good, if they 
were made entirely of cast-iron of that particular form, as they are 
now, it would be much cheaper to make them in that way than it would 
be to take the others and convert them, becaase they could be made 
of that particular weight and purely of cast iron for about the same 
that it costs now to convert them. 

The question is, Why have these little guns endured so much f It is 
admitted that there never has been a failure. Shells have been ex- 
ploded in the guns repeatedly, which is a severe trial for any gun, and 
they have never broken one. That shows uniformity. The general says 
that while one cast-iron gun does well, there is no assurance that the 
next one may not break. Here are 100 that never have broken. I say 
that is evidence of uniformity, and I do not see that it is right to con- 
demn cast iron on a record that is so good. Before the war, when we 
had quick-burning powder that caused strain on the guns of from 50,000 
to 60,000 pounds to the inch, whereas now we only have about 30^000 
or 40,000. I say the strains iu all the trials that have been made, even 
in Europe, with the high-power gun, are much less on the gun than we 
have repeatedly had on the 9 and 11 inch Dahlgren gun ; so that I do 
not think it is right to conclude without a reasonable trial on so impor- 
tant a matter. 

As I said before, I am ready to back up my convictions by offering a 
gun to the government free of cost for trial. If the government says 
*' steel is better than cast iron, and we do not want to take an inferior 
metal,'' I am ready to give the government within twelve months a 10- 
inch, 8-inch, orO-inch steel gun finished ready for trial, and guarantee 
it to give a velocity of 2,000 feet a second. If there is any one who can 
make any better proposition than that, let him make it. If that is not 
reliable, I am ready to bring indorsers who will make it reliable. 

General Ben^t. 1 should like to make one remark in regard to what 
Mr. Hunt says. A great deal of what he says is true, but the trouble 
is here : If we could take a cast-iron gun and be sure to keep the pres- 
sure, that is, the strain on the gun, down to a minimum, and uniformly 
so, the probabilities are that a gun made even of wood perhaps would 
stand very well. The difficulties, though, that stare us in the face are 
these : From our experience up to the present time we must expect ab- 
normal strains. In some of these little guns we have had the strain 
jump ui) to 70,000 pounds to the square inch. Whether a cast-iron gun 
would stand that is a question. It could not stand it very long. We 
have made great iuiprovenient-s in regard to gunpowder, but we have 
not got to that stage at which we are sure that every time we fire a gun 
we get' the pressure up to a certain i)oint. It is very true that theques- 
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tion of cast iron has not been tried since the war and since we have 
made the improvements whereby we are enabled to keep down pressure. 
When we did make experiments before the war cast iron was like the 
guns, did not work at all. 

Mr. Hunt. There is the fact that with a cast-iron gun 120 rounds 
have been fired in one instance you have cited. 

General Benet. But while one gun may have been fired 120 rounds^ 
another of the same kind might go to pieces at the third or fourth round. 
That is one of the diflttculties in regard to cast iron ; it is a treacherous 
metal. Then, again, with all the improvements we have made in gun- 
powder, we cannot tell exactly what that gunpowder is going to do, and 
when you least expect it from some unknown cause, your pressure, in- 
stead of being down to 30,000 pounds to the square inch, will jump up 
to 70,000 or 80,000 pounds to the square inch. When you make your 
gun you must expect to meet just such abnormal strains. Therefore^ 
what we have got to come to is to get the strongest metal we can. 

Mr. Hunt. Here is the record of over 100 having been used for a 
series of years without any failure. 

General Ben^t. That was cast iron with a tube that strengthened it. 

Mr. Hunt. Yes ; but you know some oflScers claim that the tube doe» 
not strengthen it. What I want is to have that tried. It will cost per- 
haps $2,000 to make a cast-iron gun of the same exact dimensions as 
the converted gun, and then if that was fired 800 rounds it would go 
to show that it was as strong as the other. 

General Ben^t. The difficulty in that case is this, if yon took a cast- 
iron gun and made it so that it stood 800 rounds, it would not inspire 
confidence enough that the next gun you made would stand ten rounds.. 
That is the difficulty. 

Mr. Hunt. That brings us right back to the 113 that have been con- 
verted without one failure. 

General Ben:6t. They have not failed so far. 

Mr. Hunt. I do not object to converted guns. I am only saying that 
cast iron, as a material, has been condemned without a trial. 

General Beni^t. But we know it has been condemned all over the 
world. They do not use it anywhere, except in combination with other 
metals. 

Mr. Hunt. However, I am ready to make steel guns if I cannot make- 
them of cast iron, but J must import the steel. If I can have encour- 
agement to make the steel, I am ready to commence with making steel 
here and make it as quick as anybody. 

General Beni^t. That I have recommended, and I think some encour- 
agement ought to be given. We have not got a national foundry, and 
if we cannot get steel anywhere else, we should encourage our people to 
make it. 

Mr. Hunt. My argument is only to show the other side of the cast 
iron question. 

General Ben^t. I agree to a great deal of what you say. 

Mr. Hunt. Here is a wonderful record. You cannot find 100 rifled 
guns in Europe that have not any one of them failed, whether of steel 
or any other metal. 

The Chairman. How large a steel gun do you think ought to be made 
for an experiment. General! 

General Ben:6t. My idea is on the supposition that we should have 

to work up things as the Navy has been trying to do, and to get our 

steel in this country. My idea was to try an 8-inch gun, and go higher. 

As you increase the caliber you increase the difficulty largely. There- 

S. Rep. 969 8 
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fore we have got to begin at the beginniug and crawl up. We cannot 
-do anything else. 

Senator Uampton. What is the size of the Krupp gun you spoke off 

General Benet. That was a 12-inch. I think the last Krupp gun w^as 
16 or 17 inches caliber — a 72-ton gun. 

Senator Hampton. Mr. Hunt, what would be vour estimate of the 
cost of a steel gun? 

Mr. Hunt. A 10 inch gun would cost $35,000. That is what is recom- 
mended by the Getty Board for a steel gun. We proposed an 8-inch 
gun, and the Getty Board accepted the design, but wished to have it a 
lOinch gun instead. For the 8-inch gun the price was 835,000. 

Senator Hampton. For a lO-inch? 

Mr. Hunt. And for a 10 inch. 

General Benet. 1 make not the slightest objection to the recommend- 
ations of the Getty Board. In ^vhat 1 have stated this morning I have 
run in that line in general terms. 

Mr. Hunt. If a 12-inch rifled gun could be made for $25,000 that 
•would penetrate 15 inches of plate, and was guaranteed to endure, and 
had fired a sufficient number of rounds to warrant that it would endure, 
I should like to ask if that would not be an economical and desirable 
thing for this government f 

General Benet. I think it would be ii very excellent gun. I would 
not consider it a full -power gun; that is, a steel gun of the Sfime size 
that would cost more money would do a great deal more work. 

Mr. Hunt. Although I would guarantee the gun to stand a charge 
of from 150 to 200 pounds of powder, I should expect that gun to en- 
dure a great deal more i)Owder. I do not think the pressures they re- 
ceive in any of the high-power guns in Europe are more than cast iron 
can endure. That is my honest conviction about it. If that is the case, 
it certainly ought to be tested. If that is the case, it is a great object 
to find out. 1 understand perfectly well that steel in the abstract is 
much stronger than iron- but 1 heard Commodore Chotard once say 
that in making up a steel gun a margin of 50 per cent, should be al- 
lowed for imperfections of temper and imperfections of mechanism. I 
think you do not take into account that that is wiped right out in the 
steel to start with. I believe that it is highly important to this govern- 
ment to make a commencement in the direction of producing steel not 
' only for guns, but for all kinds of heavy forgings, for steel shafting for 
. steamers. We propose to build steel cruisers. Where are we going to 
;get suitable shafts for the cruisers ? There are no facilities in this coun- 
try for making such shafts as are wanted, and thej^ cannot be obtained 
in any other way tlian by beginning a plant and having the requisite 
tools and appliances. Thus it is of vital importance to the government 
to commence to provide at once, not only for gun, but for other material 
that will be required in the construction of a Navy. I believe cast iron 
ought to be tested with the improvements in projectiles and powder. 
The old guns broke with bad projectiles and very weak powder. 

The Chairman. Is there any new system of rifling that you think off 

Mr. Hunt. No ; 1 do not speak of rifling, but of the improvement ia 
gunpowder and in xirojectiles. 

The Chairman. Are you speaking of a smooth-bore or a rifled cast- 
iron gun T 

Mr. Hunt. I am speaking of a cast-iron rifle. There is no difficulty 
in rifling the cast iron as a material, but it would be very necessary to 
insert a hardened bronze tube, which, I think, would be a« good as a 
steel tube. There is no objection to a steel tube if it is thought desira- 
bl^y but it would be expensive^ and I do not think it necessary. 
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The Chairman. What do you thiuk would be the real cost of takiug 
thene guus and convertiug a iO-inch smooth-bore into an 8-inch rifle with 
a wrought-iron tube "? 

Mr. Hunt. The cost of this is about $2,000. The original cost of the 
10-inch gun was $1,600. The cost of converting it is $2,000. That 
makes $3,600 for the whole gun when converted. A new gun could be 
cast of that shape without the tube at as low a price as the conversion, 
about the same ; but, then, there is this question : We know that these 
converted guns have all stood wonderfully ; there is not an exception. 
It may be, as General Ben^t thinks it is, owing to the tube. All I say 
is that there has been no trial to prove that it is owing to the tube. 
The only trial which has been had, and it may not have been a full trial, 
went to show that the tube is not an assistance, but there has been no 
full trial to show it, and it is a thing which it seems to me ought to be 
tested. 

General Ben6t. Originally when we commenced the conversion we 
could not get wrought-iron tubes in this country. Although the West 
Point foundry said they would undertake it, they could not do it, and I 
sent to Sir William Armstrong and got tubes there. Now we make the 
tubes better here than they can in England. We converted one gun 
with a wrought-iron tube from England, and one with a steel tube from 
England, and Mr. Hunt has made reference to that gun. After firing it 
probably 160 times the steel tube split from the muzzle to the breech. 
It was held together by the ca«t iron, and I think the gun was fired two 
or three hundred times after that before it burst. Of course the cracked 
steel tube must have helped it some, but the cast iron held the thing 
together up to that time. At last it did all go to pieces. 

Mr. Hunt. It wa« fired several hundred rounds without any difficulty. 

General Benet. I think it went up to 150 rounds at first. It must 
have been fired 200 rounds ; but the steel tube cracked. 

Mr. Hunt. If that steel tube had been a homogeneous mass of cast 
iron the question is whether it would not have kept together. 

Senator Hampton. Did not the cracking of that steel tube practi- 
cally weaken the gun ? 

Mr. Hunt. Of course it weakened the gun. 

General Ben^t. It weakened the outside. 

Mr. Hunt. I should like to say a few words more about commencing 
the building of a plant for the manufacture of heavy ordnance and 
heavy projectiles for the government use. It is evident enough that 
sooner or later that must be done in this country unless it is believed 
that individuals will start out in that direction, and the record of the 
foundries in this, country that have had work for the government will 
not warrant any such risk. The fact is that the foundries employed by 
the government have been brought down to the lowest point, just on. 
the verge of bankruptcy, for want of patronage. There has been no 
patronage for the last fifteen years that has been worth having; it has 
all been experimental work, which is costly and not remunerative at all 
to the foundries. Our machinery has been idle three quarters of the 
time for the last fifteen years. There is no encouragement to warrant 
any new concern in starting in unless it should have a definite promise 
from the government, and the longer this is delayed the more risk we take. 
It is like mercantile houses going on without any insurance, when the 
fire comeA it will be impossible to get the insurance. It is high time 
some commencement were made. Whatever may be wise and proper is 
for you to say, but some commencement in that direction should be taken 
with a view to give such facilities as are creditable to this country. 
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January 27, 1883. 
PEOPOSAL OF SOUTH BOSTON IRON COMPANY. 

Mr. Timothy Davis. I. ask leave to present papers prepared by Mr* 
William P. Hunt, president of South Boston Iron Company and of the 
South Boston Iron Works, The latter firm name is to be substituted for 
the former in all future contracts for ordnance and other work to be done 
at the old foundry. 

The papers herewith submitted contain much valuable information, 
and will be interesting to persons interested in the subject to which they 
refer. Mr. Hunt's general views are quite fully expressed in the remarks 
made verbally to the committee, and if what is now submitted is deemed 
to be too voluminous to be printed, I shall be satisfied if the letter ad- 
dressed to the chairman of this committee by Mr. Hunt is made a part 
of the printed record. 

Office of the South Boston Iron Company, 

Boston^ Mass, J January 25, 1883. 
Hon. J. A. Logan, 

Chairman Select Committee an Ordnance^ Washington^ D. C. : 

Gentlemen: The undersigned respectfully represents that the South 
Boston Iron Company has manufactured ordnance and war material for 
the United States for upwards of forty years, during which time it has 
executed all of its contracts with the government with exactitude and ait 
reasonable rates, and in instances at positive loss and inconvenience. 

That the close of the war, seventeen years ago, left our coasts inade- 
quately protected, and that since that time the power of ordnance has 
steadily developed ; and, although this increase of power is largely due 
to improvement in the ammunition rather than in the guns, we are never- 
theless relatively much weaker than ever before. 

That the experience of this company, and long attention to the sub- 
ject of ordnance as a specialty, have not unnaturally suggested to its 
engineers and mechanics important improvements ; but the company 
* has hitherto confined itself strictly to the manufacture of such guns as 
might be adapted by established authority, and has rarely urged any 
plans of its own. 

That, before the recent Board on Heavy Ordnance, this company pre- 
sented views in some detail upon the subject, with plans of gun con- 
struction, and recommendations as to such a programme of construc- 
tion and proof as was felt would be of most practical and immediate 
benefit to the government. 

Congress having appointed your honorable committee to revise the 
proceedings and recommendations of this Board, the South Boston Iron 
Company presents in this form for the use and greater convenience of 
your committee a resume of its several communications to the late Board 
and to the recent Committee on Naval Affairs; and, as president of the 
company, I unite with many others in the expression of an earnest hope 
that your committee may recognize the wisdom of such an appropria- 
tion as will enable the Ordnance Department to carr^' out the recom- 
mendations of the Board on Heavy Ordnance on such a scale as shall 
be certain to establish one or more patterns of heavy rifled guns which 
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Bhall prove to so far meet the imperative demaDds of our coast defense 
as to resolve all doabts as to the best direction for immediate efforts. 

Although the drawings before the Board are voluminous, and from 
various sources, yet many are but slight modifications of each other; 
and a review only of those plans which appear to have engaged most 
attention from the Board, and received either partial or unanimous ap- 
proval, is here given. All are breech-loaders. 

1. Cast-iron rifles embodying certain improvements of design and 
mode of manufacture. Presented and advocated by the South Boston 
Iron Company, and by Col. T. T. S. Laidley, Ordnance Department, and 
others. 

(Approved by two members of the Board.) 

2. Cast-iron rifles re-enforced on the exterior with steel bauds, after 
the Italian plan. Presented by the South Boston Iron Company and 
the Ordnance Office. 

(Plan of Ordnance Department approved by the Board.) 
o. Cast-iron rifles re-enforced on the exterior with steel bands, and 
also on the iut/erior by a steel tube, after the French plan. Presented by 
the South Boston Iron Company and the Ordnance Office. 
(Plan of Ordnance Department approved by the Board.) 

4. Cast-iron rifles re-enforced by an interior tube alone. Presented 
by South Boston Iron Company. 

{Kot approved by the Board.) 

5. Cast-iron rifles re-enforced with steel wire wrapped about the ex- 
terior as far as the trunnions. Presented by Col. T. T. S. Laidley, W. 
E. Woodbridge, the Ordnance Office, and the South Boston Iron Com- 
pany. 

A 10-inch (Woodbridge). Approved by the Board. 

6. Various rifles built up entirely of forged steel. Presented by the 
South Boston Iron Company, W. E. Woodbridge, and others. 

Design of S. B. I. Co. Approved by the Board. 

7. " Wire guns'' (so called) having steel tubes or bodies upon which 
steel wire is coiled under tension. Presented by W. E. Woodbridge 
{original), the South Boston Iron Company (modifications), the Ord- 
nance Office (Armstrong), and Col. S. Crispin (Schultz — French). 

A lOinch Woodbridge (No. 1).* 

A 10-inch Woodbridge (No. 2). 

An 8-inch Armstrong (Ordnance Office). 

An 8-inch Schultz (Colonel Crispin).* 

Approved by the Board. 

The presentation of the above designs will be recognized as coming 
from those sources only where special study and long consideration of 
these questions have been entertained. These various plans were sub- 
mitted to the Board, in most cases, without previous knowledge of other 
plans under advisement (at least so far as this company was concerned) ; 
and the foregoing summary will perhaps serve to show the committee 
that there is not so wide a diversity of opinion, as has sometimes been 
claimed, among those supposed to be best informed a« to the course 
which experiments should take to settle the question of a proper arma- 
ment for our forts ; the difterence of opinions being mainly a« to the 
relative importance of the various plans which it is generally thought 
should be tested. Certain radical differences as to facility of construction 
and quality of material of course obtain; and one notable exception to 
the general harmonv of views above referred to may be mentioned. For 
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example, the advocates of the importance of testing oar best American 
cast iron to ascertain its exact value for use in gun construction are not 
only favorable to, but are absolute advocates of, wide-spread investiga- 
tion in other directions; but, on the other hand, the advocates of var- 
ious special plans, while apparently favorable to a liberal policy, are 
yet singularly averse to seeing any effort made to arrive at a true esti- 
mate of a material (^castiron) which it is nevertheless proposed to em- 
ploy as a principal lactor in designs for heavy guns. 

The within communications to the Board will make clear our strong 
convictions upon the important question as to the character and extent 
of the t^sts which are most urgently called for in the present need of 
the country. 

Briefly stated, our position is this : Liberal encouragement should be 
given to every intelligent and well-recommended plan to better our con- 
dition of defense. We should not be behind other nations in our efforts 
to obtain the most powerful guns; but, in thus striving after the highest 
results, we should not lose sight of present needs. Granting to recent 
" high-power " guns all that is claimed for them (and it is scarcely honest 
to claim for the guns what may justly belong to the improved character 
of the ammunition), there are many positions in our principal harbors 
where such guns could render no more efficient protection than guns of 
less cost and pretension. Other nations can better afford to incur the 
delay incident to such experiments, since they are already provided with 
guns of certain established power and efficiency. Nevertheless, they 
never allow any promised improvement to tempt them into inactivity^ 
nor adopt the unwise and even dangerous argument which has been urged, 
that by waiting we might benefit by the researches of other nations. 
Therefore, our propositions to the Board on Heavy Ordnance may be 
said to be of two kinds. First, and most important, the construction of 
several great guns (at least three), the test of which shall prove whether 
we have within our own resources the means of constructing efficient 
heavy guns — especially important in an emergency — and, if not, then 
the degree to which we areat present dependentupon aforeign market for 
gun material, and the precise prospect of our future independence in 
this regard. Second, another order of experiments looking to the at- 
tainment of the most advanced results in gunnery. These two pro- 
grammes in no wise interfere with each other ; and success in the first 
would prove the first great step towards the protection of our seaboard 
cities, and security from possible national humiliation, and thus leave 
us free to pursue any deliberate and well -considered plans for still fur- 
ther strengthening our condition of defense and attack. This eminently 
practical view is adopted by the Board in the following language, when 
referring to the Italian and French plans of re-enforcing cast-iron guns 
with heavy masses of steel. 

Ist. Experience thu8 far gainei) with similar gnus promises for the combinatioD 
Bnccess within usual limits of powder pressure. 

Ud, Tbey can be readily and rapidly produced in tbis country without incurring 
the delay of sending to foreign countries for large masses of forged steel. 

The great weight of the foregoing guns recommended for test is, however, objec- 
tionable*, and this Board would prefer such combinations of materials possessing the 
highest tensile strength as will produce with less weight a gun capable of gi vine the 
high velocities now sousht for. But, while this latter class of gun is being developed 
through a series of careful and costly experiments, some cheaper gun, though of leaa 
power, susceptible of rapid production, in case of need, should be determined upon ; 
so that the country may not be left entirely defenseless. 



* The designs of the South Boston Iron Company for similar l*2-iuch rifles were about 
30,000 pounds lighter for each gun. (See Plates VII and VIII.) 
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It is true that the statement thus made by the Board, that such guns 
" can be readily and rapidly produced in this country/' is difficult to 
reconcile with that paragraph of the reportin which ** the forging of the 
large masses from which the rings are produced by boring that consti- 
tute the successive layers/' &c., is spoken of as "involving a very ex- 
pensive plant, a very slow and costly process which does not result 
uniformly in the attainment of a perfectly homogeneous metal.'' 

The much more massive, uncertain, and costly steel tube^ necessary 
for one of the guns above referred to, and also for all of the so-called 
wire guns, altogether escapes notice by the Board ;* nevertheless, the 
principle is recognized, that we should not neglect to make the most of 
our present facilities in the effort to arrive at a useful and practical 
weapon, pending the long delay and tedious investigation involved in» 
the solution of that other problem, how to produce guns of the highest 
attainable power for a given caliber. 

Arguments were before the Board tending to make light of the diffi- 
culty and uncertainty attending the production of heavy steel forgings 
of a satisfactory quality ; but we dwelt at some length on this point, 
and frankly stated, that while we could indorse our designs as superior 
in a mechanical sense, and guarantee the necessary excellence of work- 
manship, yet the merit of the gun must depend mainly on the quality 
of the material, of which we propose to employ the best that can be 
produced. Given a material of good quality, the gun of the fewest 
parts is to be preferred ; but the anxiety of steel-makers to keep these 
parts I'educed to a minimum in size, calls for some compromise on 
xhe part of the designer. From our designs of steel guns, the Board 
selected one containing but few parts, and recommended *' a lO-inch 
gun after the same plan, instead of the 8-inch gun shown on the draw- 
ing." It is assumed that a necessary latitude will be given us in these 
details, keeping only in view the production of a gun of the greatest 
possible power for the weight. 

Military engineers generally agree that the problem of the so-called 
"high-power" gun is as yet unsolved ; and it is an undeniable fact, that 
the high velocities which have recently been obtaineil constitute far 
more a triumph of the ammunition thaii of the gun ; that is, that the 
improved powder of th^ present time has given high velocities without 
unusual or excessive strain upon the gun, and therefore the ability of 
the gun to withstand a limited number of such internal pressures proves 
little as to the inherent strength of the gun itself. Let the same advan- 
tage be accorded to an improved cast-iron gun by the use of similar 
powder, and it is reasonable to expect results proportionally good; and 

* We introdiic<) a design of a so-called " wire gun" (aee Plate XV) tttnbodyiug certain 
improveineuts in detail, which at present we will not describe. This gun furnishes a 
fair example of the quantity of wire which it is sometimes thought necessary to em- 
ploy to justify the title ** wire pin " to be given to the structure. In this, as in the 
experimental Armstrong gun, the wire replaces only some of the lighter steel bands 
which usually constitute the exterior of such guns. The steel tube and heavy steel 
jacket are the real ditlicuUies in steel-gun building, and, when we can produce these 
parts successfully in this country, the lighter bands or rims will certainly give no- 
trouble, and we can elect; between them aud a like bulk of steel wire. It is tne purest 
sophistry to refi-r to such a structure as a wire gun ; while to argue, that because st«el 
wire can be made in this country, therefore the wire gun can be -manufactured within 
our present resources, is to be clearly illogical or disingenuous. Experiments with 
steel and steel-wire guns should certainly be undertaken ; and, if successful, every 
effort should be made to abridge the time which must elapse before we can be inde- 
pendent of a European market for our material; but we should not be persuaded into 
inactivity in other directions by any of the true arguments in favor of testing the steel 
and wire systems, least of all by statements which can scarcely be called conerent. 
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while it is not expected that a cast-iron gun, costing, say, $25,000, shall 
possess the power claitned for a gun costing three times this sum, and 
of slow and uncertain production, it is nevertheless insisted, that if the 
cheaper gun shall prove even moderately successful, it is a positive ne- 
cessity in the present condition of the national defenses. 

The best military authorities also agree that there are many positions 
on all extensive coasts where a gun of extraordinary range and power 
<in proportion to the caliber) would be money and power wasted. Posi- 
tions which require defense, but where the range is limited from a 
quarter of a mile to three miles, are very numerous; and in such posi- 
tions the penetrative and crushing effect of such a gun as we propose 
.(representing a power in actual excess of the average power of the pres- 
^'.nt armament of most countries, and equal to that i^ecured from foreign 
guns of like caliber with their present adopted charges) will be fully 
adequate for the purpose ; while such guns would prove valuable aux- 
iliaries in any position, to high-power guns, should we ever possess guns 
of the latter class in any reasonable numbers. 

The Engineer Board on Fortifications has declared the necessity for a 
number of one hundred tons guns for our principal harbors; that is, guns 
which shall throw projectiles of at least 1,500 pounds to 2.000 pounds in 
weight. How shall such guns be obtained Y Krupp aemands from 
$100,000 to $175,000 for such a weapon, and will not even at that price 
guarantee it; nor could any reasonable number of them be delivered 
short of a great many years. But should the comparatively inexpensive 
oxperiment which is here proposed meet reasonable expectation, it 
would doubtless prepare the way towards furnishing a useful class of 
oolossal guns at rates too moderate too prove a drain upon the national 
exchequer, besides leaving us independent of a foreign market. 

The company's designs before the Board, copies of some of which are 
attached herewith, comprise a number of alternatives as to weight and 
details; but the following are more distinctly recommended; omitting 
the one hundred ton guns, consideration of which we understood the 
Board thought to be premature in the present phase of the problem : 

1. A 12-inch B. L. cast-iron rifle (Plate III., Design D). 

2. A 12-inch cast-iron rifle with steel tube (Spanish plan). 

3. A 12-inch cast-iron rifle banded with steel ,( Italian plan). 

4. A 12-inch cast-iron rifle tubed and banded (French plan). 

5. An 8-inch or 10-inch, all steel, B. L. rifle. 

Of these designs we unhesitatingly considered the cast iron gun first 
in importance, for reasons made clear in the following pages, and which 
will be found epitomized on p. 77, in ihe letter to the Committee on Naval 
Affairs, hereto annexed. And inasmuch as the use of steel in connec- 
tion with cast iron, if efficacious as a streugthener, must either be more 
so on the exterior or the interior, the French gun, which has steel both 
on the exterior and interior, was deemed the least important, although 
very interesting, as a test gun. The trial of guns 2 and 3 would deter- 
mine whether steel is most advantageous as a tube or interior lining, or 
in the form of exterior bands ; while the test of the pure cast-iron gun 
would determine whether either of these expensive applications was 
necessary or useful, and, if so, the precise degree of that usefulness. 
There is much diversity of opinion among engineers as to the strength- 
ening power of steel when applied to cast iron, and some extravagimt 
views can be <iuoted on this que3tion. 

General Rosset, in an extensive series of experiments, demonstrated 
practically the superiority of the exterior over the interior application 
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of steel to cast-iron cylinders; while General Virgile (''Memorial d 
Artilleria," 1882) concludes, from theoretical considerations — 

That ft single set of exterior bauds would about double the sti*ength of a gun ; that 
a second set would further augment the strength about one-third ; and that the 4t«el 
tube-lining would more than quadruple the strength of a simple cast-iron gun. 

If these speculations aVe anywhere near the truth, then the steel- 
lined gun Xo. 2 should certainly be tested. We can conceive that such 
conclusions have a basis of probability, just in proportion as the steel 
is assumed to be of superior, and the cast iron inferior, quality: in other 
words, to hold these theories correct, we should have to regard the steel 
as of the Jine^t quaHty^ and the ca«t iron as^o^ metal. But steel tubes 
and bands are not of high, but of low quality, and, as the late Board has 
just reported, are of ''slow, costly production, wanting in homogeneity^; 
while gun-iron (cast) of 30,000 to 40,000 pounds strength is not pot 
metal of 6,000 to 10,000 pounds tensile strength. In our calculations 
we must deal with material as we find it, and not as we would have it. 

Of the foregoing designs or classes of guns, the Board recommended 
three — the third and fourth from the Ordnance Office and the fifth from 
our works. The first, (. e., the pure cast-iron gun, which, from many 
points of view, was considered the most important of the series as a test 
gun, failed of a majority vote on the Board, two of the five members 
voting in its favor, for reasons assigned as follows : 

let. The experiment would not be costly, and there are improved methods of casting 
claimed to remote certain wettknesa^s.insepafabie from cast-iron guns. . 

2d. Powders and projectiles have been improved to give more uniform results and 
less destructive effects on guns. 

3d. It is only by actual test of a large gun under these improved conditions that 
the suitability of cast iron for heavy ordnance can be known, and its comparative 
merits with other metals and systems of gun construction determined. 

4th. The trial of a cast iron gun, pure and simple, may furnish useful information 
in regard to cast iron in combination with other metals. 

It is thought that the above reasons given by the two ordnance offi- 
cers on the Board cannot be successfully met by any objections, least 
of all by the narrow question of economy. It has been truly said that 
"the mere fact that other nations do not use cast iron exclusively in 
gun construction is no reason why we should remain in ignorance of 
its true merits in this country." The numerous arguments which have 
been advanced in support, both on practical and purely scientific grounds, 
of the thorough test of American cast iron under the conditions offered by 
the improved ammunition of the present day will not here be repeated; 
attention is simply drawn to what has been said upon the subject in the 
following pages. 

In conclusion, we present to your honorable committee the following 
propositions: 

1. We have thought that the Ordnance Department should be 
authorized to substitute the foregoing five guns for the four 12-inch 
breech-loading rifles which constituted the basis of a contract with the 
South Boston Iron Company year before last, and which contract the 
government has suspended through no fault of the company, and to its 
serious disadvantage. The contract price of these four guns was $46,000 
each, and we would agree to construct the five suggested substitutes for 
a less aggregate sum. 
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That is to say — 

One 12-inch rifle of American cast iron, as proposed (Plate III) and recom- 
mended by two members of the Board $26, 000* 

One 12-inch rifle, after the Italian plan, as recommended by the Board 40, OQO 

One 12-inch rifle, after the French plan, as recommended by the Board 44, 000 

One 12-inch rifle, after the Spanish plan, having a steel tube only 31,000^ 

One 10-inch all-steel breech-loading rifle, as recommended by the Board 35,000 

176,000 

The superiority of the above designs to those which constituted the 
basis of onr contract can scarcely be questioned; three of them, as has 
been stated, have been recommended by the Board, and the fourth 
received the recommendation of two of the five members. 

2. The South Boston Iron Company can ill aftbrd at present to under- 
take, at its own expense, the fabrication of a rifle of 100,000 pounds 
weight. At the same time, such is our confidence in the serviceability 
of the gun we would make, that we ofter to furnish, free of cost to the 
government, a 12-inch breech-loading rifle of American cast iron, of the 
design D, Plate III, and guarantee that it shall successfully endure one 
hundred rounds with charges sufficient to produce a power of 9,000 or 
10,000 foot-tons energy, equal to the penetration of about fifteen inches 
of iron armor; this being the established power, with battering-charges, 
of the great majority of weapons of the same caliber abroad at the 
present time — guns of higher i)ower being yet in the experimental stage. 
Should the gun be thus successful, not otherwise, we shall be paid 
$30,000 for it, and a contract be given us for one hundred additional 
similar guns at $25,000 each, and one hundred projectiles per gun at 
prices heretofore paid; all to be furnished without delay. 

And we beg to submit that justice to ourselves and an impartial 
consideration of the public interests warrant the acceptance by the 
government of one of the foregoing propositions. 
Very respectfully, your obedient servants. 

The South Boston Iron Company, 

WM. P. HUNT, President. 



PROPOSAL OF CHARLES PLAGGE. 

Mr. Charles Plaoge. I desii^e to present a proposition. 

The Chairman. State your proposition. 

Mr. Plagge. I will read to you what I have put in writing. 

Washington, January 19, 1883» 
To Hon. Senator John A. Logan, 

Chairman of Committee on Ordnance : 

Sir : The undersigned respecfully submits the accompanying papers 
and drawings relating to the construction of heavy ordnance and com- 
prising the ibllowing improvements: 

Ist. An improvement in the construction of the barrel of the gun^ 
increasing its strength and equalizing the strain thereon. 

2d. An improvement in the devices for loading and cleaning the gun 
at the breech. 

3d. !New device for elevating the gun and checking the upward throw 
of the muzzle when the gun is fired at a high elevation. 
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* 

4th. An improved recoil check for taking np the recoil and retaming 
the gun to its former position automatically. 

5th. The construction of an improved armor fastened to the gun 
carriage for the protection of the men working the gun. 

In the accompanying drawing, Fig. 1, is a side elevation of the gun 
mounted upon my improved carriage for battery, bow, or stem guns^ 
with the loading mechanism in readiness for loading. 

Fig. 2 is a longitudinal horizontal section of gun-barrel in line I, II 
of Fig. 3, showing the construction of the gun-barrel. 

Fig. 3 is a longitudinal vertical section, center of cylinder P, in line 
III., IV. of Fig. 1, illustrating my hydropneumatic recoil check for the 
gun, the latter being illustrated as mounted upon a pivot. 

Fig. 4 is a traverse section in line V, VI of Fig. 3, showing the press- 
ure chamber and channels by which it is connected with the sliding 
cylinders bejiring the gun trunnions and valve arrangements for regu- 
lating the recoil. 

Fig. 5 a traverse section through the gun barrel in line VII, VIII of 
Fig. 3. 

My gun is constructed entirely of steel, with an inner tube, divided 
longitudinally into two or more lengths or sections A^, A*, A^, so that 
the breech end section, embracing the powder chamber, may be removed 
when worn, and rei)laced, leaving the outer lengths A^, A* in the chase 
of the gun intact. These tubes are made of steel, compressed and 
forged by hydraulic pressure and to taper on their outer surface from 
breech to muzzle, and are reinforced and built up thereon as follows: 

The inner tubes A^ A*, A^ being joined by coupling a, a\ two steel 
hoops or flanges, 6, &\ are screwed or shrunk on to said tubes, one {h) 
near the muzzle, and the other, 6^, near the breech end of the chamber. 

The tubes A^, A^, A^ thus mounted are placed into a machine which 
a<lniits to turn about its axis. The apparatus, provided with suitable 
attachments for regulating the strain, being slowly turned, steel wire 
drawn square with the corners slightly truncated, is wrapped upon the 
tubes in successive layers over the whole length of the tubes comprised 
between the two flanges or shoulders fr, ¥ until the wire wrapping at the 
muzzle end of the gun has attained the desired thickness and outline^ 
when the steel casing tube B^^ to which is attached, at its forward end 
near the muzzle, the muzzle piece G, and at its rearward end the shoul- 
ders «, «^, is driven over the wire wrapping until the inner shoulder of 
the muzzle-piece butts or comes into contact with the muzzle end of 
the inner tube A^ The shoulders «, s^ of the casing tube B' are formed 
by shrinking, welding, or riveting reinforcing hoops to the casing tubes. 
When the latter is thus put into position, t-he wire wrapping is contin- 
ued until the outside lines of the wrapped barrel correspond with lines 
drawn from the extreme outside points of shoulder or flange ft* to the 
extreme rearward point of shoulder s on casing tube B^ When this is 
accomplished the accurately-fitting casing tube B* is drawn over it until 
the shoulders upon the inner end of the tube B' strike against the coun- 
terpart shoulders «, «* on the outside end of tube B*. The breech piece 
D is then sci-ewed into a threaded seat formed in the rearwardly-pro- 
ectiug end of the outer casing tube B' until it strikes the rear end of 
flange ft\ Said breech piece D is further reinforced by the piece E, 
which is provided with flanges E\ which connect by straps F F (Fig. 3) 
with the trunnion bars g^ g^ which are welded or riveted to the casing 
tube B^. The outer casing tubes B*, B' are made of steel plates rolled 
under hydraulic pressure and welded or riveted together in one piece,, 
or made into two half cylindrical parts with dovetailed joint flangea 
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•capped over by the trunnion bars g^ g (see Figs. 4, 5). L (see Fig. 1) is 
a crane projecting rearwardly from the gan carriage over the bre-ech to 
support a pully L^ over which a wire rope L^ is led from a dram H upon 
a crank shaft H*, and by which the projectile and charge is raised for 
loading the gun. The projectile, when lowered by crane L, is deposited 
in a semi-cylindrical receptacle m, projecting rearwanlly from the breech 
•end of the gun, and supported upon a bracket hinged to the breech 
piece of the gun, as shown in Fig. 1. Upon being deposited in 
said receptacle m, the projectile is pushed forward, together with the 
former by attaching the crank to shaft /(not old), which has a pinion 
working in a rack on top of brackets, and thereby pushes the projectile, 
together with receptacle m through the breech and into the chamber of 
the gun as far as the receptacle m will enter into it ; after which, by 
turning the removable crank (f^) (bearing a drum, not shown), the pro- 
jectile is driven home by the plunger m) upon the end of a tube, wt*, 
working through suitable bearings in the outer end of the rec^eptacle m. 
This rod may be worked back and fourth by means of a chain or wire 
belt (m), whose ends are attached to the opposite ends of the rod, and are 
led to a drum upon crank shaft O^ By turning in one direction the load- 
ing rod or tube m^ will be carried in towards the gun, and by its revolution 
in the opposite direction the rod will be withdrawn. The outer end of 
the tubular loading rod may be connected by a coupling to a flexible 
tube connected with a steam boiler, so as to introduce a jet of steam 
into the gun to cool or clean it whenever wanted. 

Connected with the loading apparatus for guns of large caliber is a 
•detachable platform for the men loading and working the gun to stand 
oipon. Both platform and loading attachments may be turned, side- 
ways whenever desired, thus leaving the rear of the breech end of the 
^un entirely unobstructed. 

The frame of my improved gun-carriage may be constructed of any 
approved pattern adapted to support, in suitable ways, formed upon 
the top of the frame, and on either side thereof cylinders P P, which 
^re arrranged to slide freely back and forth in said ways. A rod, B, 
Fig. 3, is led longitudinally through the center of each cylinder, its ends 
being firmly fixed in strong blocks on the frame. Its joints with the 
ends of the cylinder are properly packed to be air and water-tight. A 
piston, S, adapted to fit closely in the cylinders, is secured upon the rod 
B, so as to be immovable thereon, and in such a position as that, when 
the gun is at rest, itshall bear against the rear end of the cylinder. The 
rod B is made tubular from the point of its connection with the piston 
outward to its front end, where it connects with a lateral tube or con- 
diet, B^ (see Fig. 4). This lateral condict is formed in the block sup- 
porting that end of the piston rod, extends downwards therefrom, and 
•connects by means of a transverse tube, W, with an accumulator or 
pressure chamber, P, secured in the lower x)art of the carriage frame,- 
and which is arranged to encircle said tube W. The latter connects the 
lateral tubes B^ on each side of the gun-carriage with each other as 
well as with the intermediate chamber P. The opening therefrom into 
the pressure chamber T is governed by means of a concentric or tubular 
Talve, V, which may be operated from without by means of a valve rod, 
V^ (see Fig. 4). The pressure chamber T is fitted with a lateral cork, 
T^, through which it may be charged as required with water, air, or other 
dQuids by means of a small force pump, as shown in Fig. 1. 

Communication is established between the tubular portions of each 
rod, B, and its appropriate cylinder by means of one or more apertures, 
T (eee Fig. 3). In'theloperatiou of the improved recoil clieck thus con- 
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structed^ the cylinders and tubes are filled with vater or other liqaid, 
and kept charged as required by means of a body of air compressed by 
any suitable means into the pressure chamber T, and therein confined 
to bear upon the body of water which partly fills the same. When the 
gun is fired, the cylinders P P, which support its trunnions, are forced 
backwaids, the pistons S S thereby compressing and forcing the liquid 
in front of the pistons out through the tubular rods K B and lateral 
tubes R^ R^, into the pressure chamber T. The resistance thus offered to 
the recoil of the gun is controlled by the size of the port or aperture 
through which communication is established between the connecting 
tube W and the pressure chamber, said port being regulated at pleasure 
by means of the valve V. A certain elasticity is imparteil to the resist- 
ing medium by means of the volume of compressed air in the pressure 
chamber, which also serves to return the fluid to the piston cylinders 
when the gun is moved back to its normal position. The recoil being 
taken up by the resistance of a cx>lnmn of fluid which is brought under 
perfect control, with the utmost nicety of adjustment, by the simplest 
possible valve arrangement, no injurious strain whatever will be trans- 
mitted from the cannon to the frame, or to its platform, carriage, or 
pivoted support. Hence the heaviest cannon, when supported upon the 
recoil cylinders P P of my recoil-checking apparatus, may be safely 
mounted upon a pivoted platform or turn-table, as shown in Figs. 3 and 4» 

When guns, especially long, rifled, high-power guns of modern con- 
struction, are fired with greatly elevated muzzle, the breech of the gun 
will be raised, and come down with a considerable blow on the groin or 
elevating screw. To counteract and control this injurious strain upon 
the elevating gear, I connect, when the gun is in the desired position or 
elevation, the rim of the elevating wheel Q, Fig. 1, by means of a pin or 
bolt g^ to the head of the piston rod x^ of cylinder a^. The latter, par- 
allel to the axis of and attached to the cylinder P, communicates by a 
channel or opening, x^ (see Fig. 6), with the interior of cylinder P, and, 
consequently, by means of channels B* and tube W (see Figs. 3 and 5) 
with the pressure chamber T, so that the breech end of the gun, when 
the latter is fired, has to overcome not only the preponderance, but also 
the hydropneumatic pressure exerted upon the piston {x) of cylinder x^ 
(see Fig. 6). To control the return of the breech end of the gun, after 
its upward movement has been checked, to its former position I connect 
the end of cylinder x', not in communication with opening or^, by means 
of a tube or channel ir' with the bottom of the reservoir ir^, containing 
ivater, and attached to cylinder o?^, so that, when the piston x is forced 
back against the hydropneumatic pressure exerted upon it, the vacuum 
created on the opposite side of the cylinder will be filled up by the water 
contained in reservoir or*. The piston jr, therefore, can return to its for- 
mer position only gradually and in measure as the water in front of pis- 
ton X can be forced back into the reservoir x^ through the tube a?*, con- 
trolled by a valve, j?^ 

For the protection of the men working the gun from the shot and 
shell of an enemy, I secure upon the frame of the gun-carriage (see 
Figs. 1 and 2) steel armor plates, n, projecting from the gun-carriage rear- 
wardly upon an incline, its rear end being sufficiently elevated and ex- 
tended to give the needed protection. The armor so constructed, even 
if of comparative light steel or compound metal plates, will constitute 
an almost invulnerable shield for the men serving the piece, as shots 
from the enemy can strike it only at an acute angle, such as will cause 
their ready deflection. Directly over and below the gun-barrel an open- 
ing of a width slightly exceeding the dii'^meter of the gun-barrel at point 
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of intersection is cat in the armor to allow the gun to recoil ; but this 
opening is covered by sliding plates, ?i* (Fig. 1), supported upon rollers, 
71^, so as to pla3' back and forth automatically in uuis<m with the move- 
ment of the gun, and thereby constantly protects the opening, keeping 
it closed in whatever position the gun may be placed. 

The ammunition for the gun is stored and served as required from a 
bomb-proof vault or chamber immediately below the gun (see Fig. 1), 
and which affords full protection to the men placed there. 

Guns mounted en barbette^ as shown in Fig. 1, or upon a pivoted car- 
riage, as shown in Fig. 3, can thus be fully protected at the expense of 
least amount of steel armor, which, so applied, can also be easily put on 
or be removed from the carriage whenever so required. 

To make steel tubes of great strength and reliability I cast the molten 
steel under pressure into molds, the vents of which communicate with 
a vacuum pump or ejector, which extracts the gases accumulated in the 
molten metal and pores of the mold, while the pressure exerted upon 
the surface of the molten metal at its inlet assists materially the removal 
of the gas. By this improvement in the casting of tubes I secure greater 
strength and reliability for same. The tubes thus produced are then 
forged or rolled by hydraulic pressure and special machinery invented 
by me. Submitting the above-described improvements in the construc- 
tion and manufacture of heavy ordnance and gun-carriages to the con- 
sideration of your honorable committee, I beg to state that I am willing 
to give any further information whenever so desired, and respectfully 
sign, 

CHARLES PLAGGE, 
Care of David A. Burr^ Attorney , Inventors' In^titute^ 

Cooper Vnion^ Netc York City. 

The construction is such that the breech section of the interior tube 
can be renewed when it is worn out without disturbing the whole gun, 
because that is the part of the gun which is more liable to wear out 
than all the others. Wire is encased in the steel tube. The steel tube 
I construct in such a way that it is steel-welded in the way I show in 
the drawing. That is as regards the construction of the baiTel of the 
gun. 

Another difficulty with the modern high-power gun is to overcome 
the recoil of the gun. For that I use a hydrogrametic recoil-check, which 
operates very simply. It is shown here in the drawing. The trunnions 
of the gun are supported on two cylinders, which move in ways on the 
top of the gun-carriage. These cylinders connect with a pressure- 
chamber, which is shown in the drawing. This chamber is filled with, 
water, and there is compressed air. The compressed air forces the water 
into the cylinder, so that when the gun is fired and the recoil comes up 
the gun works against the pressure w^hich is exerted from the pressure- 
chamber against the head of the piston on the cylinder. 

The main point of my improvement is the easy regulation of the recoil 
by a valve which is set in the pressure-chamber. I have it fully de- 
scribed in the paper which I have presented. 

Another point is the shield to protect the men working the gun. The 
shield is supported upon the frame of the gun-carriage; it is of steel; 
it moves around with the gun, so that comparatively a very small amount 
of steel is required to give protection to the men. The shield only ex- 
tends to this point [indicating], but it can be extended, of course, aa 
far as may be desired. 

The third point is the facility in the loading of the gun. The shot is 
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dropped down in the receiving-box; this is pushed back up to this 
point till it touches there [indicating], and when that is touched the 
loading-rod pushes in the shot to the exact point where it is wanted. 
That is effected by the turning of the crank. The rammer is connected 
with both ends, so that by turning in one direction it moves the shot 
in, and turning the crank in the opposite direction it takes the rod back. 
The rod is hollow, so that whenever it is necessary to clean the gun there 
<5an be screws fixed to it and the st-eara blown through it, so that the 
gun cannot only be cleaned by this means, but also it can be cooled 
down when it gets, by quick firing, too hot. 

Then another arrangement is that it is mounted either on a pivot, or 
as I have shown it on the drawing. Krupp has constructed pivot-guns 
of similar use, but he has no recoil-check. He has the gun-carriage 
connected with the pivot, and there is an immense strain on the pivot, 
but in this construction the entire recoil is taken up by the recoil-check, 
so that there comes no strain on the pivot. 



STATEMENT OF A. H. EMERY. 

Mr. Emery. The subject of heavy ordnance and projectiles is one 
that I have spent, in the experimental work of, and in studying, some- 
thing like four years, and that is independent of a good many years 
study which I have had in other branches of work, all of which has 
helped me to gain a pretty extensive knowledge of the strength and 
properties of materials. The question of heavy ordnance is a difficult 
one in the minds of most men, and in the present case is enshrouded 
with a groat deal of difficulty in that so many systems are offered by 
so many men, each of which think they understand all about it. Many 
of the plans offered are purely chimerical, the inventor* seldom being 
mechanics. While there are some mechanics and engineers among those 
that have offered plans or models, their percentage is small. 

The ground I take is the same that we have found in testing other 
engineering works, where tests of small pieces in small machines show 
strength of metal which do not apply to large forgings and large masses 
put together for actual service. To illustrate this I would mention 
that some 6-inch steel bolts were tested where in no instance did they 
reach a tensile strength, when tested as a whole, of 40,000 pounds to the 
square inch, but repeated tests of small pieces cut from these same bolts 
subsequently bore loads of never less than 90,000, and most of them 
from 110,000, to 120,000 pounds per square inch. This showed that the 
bolt was under initial strains up to fully two- thirds the load for rupture; 
so that to know the strength of that bolt, to test a little piece of it was 
utterly delusive. To know the strength you must test the whole piece. 
By testing bolts and links and columns in the machine at the arsenal 
we have found that the supposed strength of them was very different 
from the real strength ; and engineers to-day of the three classes, civil 
engineers, mechanical engineers, and mining engineers, have fully con- 
cluded that actual tests of working parts must be made to show their 
strength. 

Now, in the case of guns, the gun is made of pieces of cast iron and 
•steel, or wrought iron and steel, or wrought iron alone, or cast iron 
alone, or cast-iron and steel bands, or cast-iron and steel wire, or steel 
barrel and steel wire ; but, with the single exception of small guns^ 
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'Which are made of oue piece of steel and, small aud large, of one piece 
of cast iroD, they are all made of built-up parts. Mauy of those, on 
the face of them, appear to be good and strong combinations. In going 
before the Board of Heavy Ordnance in New York, I stated that I had 
several systems of guns new in method of combination, that is, in the 
method of combining the parts, and in the method of making those 
parts previous to combiuing, and in the method of assembling those 
parts. Others had plans. The Ordnance Department had several plans, 
and I proposed that from those plans six be selected, such as should 
«e<Mn to be most desirable to test, and drawings made of them, to bring 
them all to one common standard; then sections made representing sec- 
tions of different parts of those guns, all made to a similar scale, and 
breech models made of each of those six systems ; and that of those 
breech models two of each be put into the machine and tested, to know 
the actual strain at which they burst, and that two of each be tested 
with powder, to see how tar the powder test would correspond with the 
machine tests; that of the sections, two of each be made and put into the 
machine and burst, so that we might know the actual pressures which 
they would stand. Then, when we had tested the six systems, we would 
know their actual strength, and we would know the relative strength 
of each of those six systems. And if to these we added similar tests of 
the four foreign systems which have gone into general use, the Krupp, 
the Woolwich or the English gun, the Italian gun, and the French gun^ 
we should then know not only the strength of the guns which we pro- 
posed to make absolutely and their strength relatively, but we should 
know the absolute and relative strength of these four principal foreign 
systems, and their strength as compared with those we are making and 
propose to make. 

The result was that the Board selected ten systems for such tests^ 
and employed me to. make drawings of them. These systems were the 
Ordnance gun which was then under contract, the 12inch rifle, another 
Ordnance gunVhich was proposed, a cast-iron gun, three systems of 
my own construction, the English, the French, the Krupp, and the 
Italian; and they employed me to make drawings of those, with the esti- 
mated cost of the expenditure necessary to make the tests of those ten 
systems. I asked if there was any other system they cared to include in 
addition to those ten. They said there was not. I then proceeded to make 
the drawings, bringing all the bores to the length of the English 12-iuch 
rifle, which is the same as the American then under contract, namely, 20 
caliber. The guns with 26 calibers were considerably longer than the 
French and Italian guns of that caliber, aud they had to be brought to a 
model of the same length to give relative comparison, and in doing that 
the sizes or proportions of the French and Italian were brought to corre* 
sponding sizes with the American and English, such as would be likely 
to be used if they were made. The Krupp gun selected for this was 
what is called the 30-caliber gun, which gave this same length of bore, 
that is, 26 caliber, by simply shortening very slightly, so that they were 
all prepared and proportioned to a length of bore of 26 calibers. This 
drawing illustrates the methods of making the tests [exhibiting]. Six 
sections are made, corresponding to two sections through the breech of 
the gun, through its powder chamber, one through the shot seat, and 
three through dift'ereut parts of the chase, the sections in each gun being 
taken the same distance from the base of the bore, so as to give the 
corresponding strength in the same position in the ditt'erent guns. 

These sections are i)ropo8ed, all of tliein, tu be of S inches diameter 
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bore inside, and the same proportional diameter or thickness of walls 
as the gun woald have at that place, and each are 12 inches long, so 
that they represent the trne strength of the gnn of 8-inch caliber at those 
positions which they represent of the model, corresponding in exact 
proportions to the 12-inch model. The breech models were made in 
the trne proportion, one-third size, as the sections were two-thirds size. 
The bore would thus be 4 inches and the chamber 5 inches in diameter. 
These models thus would represent the true breech of the 12-inch gun 
made to a scale of one-third size. The estimated cost of each of these 
was given in detail to the Board, together with the weight of the parts 
and of the material of which they were composed. 

The Board, on receiving these estimates, subsequently acted on them, 
and reported as follows : 

In the opinion of this Board, mnch valuable knowledge woald be gained for ord- 
nance construotors and for the general ends of science, as to the relative effects of im- 
pulsive and continued forces, by a series of experiments of the nature set fortii in this 
paper; yet, in view of the great cost (over |4UO,000), and of the delays that would be 
involved in carrying them out, they cannot be undertaken by this Board. It is, how- 
ever, suggested that a limited number of trials be made in this direction with such 
models as will best tend to elucidate the subject. 

I would now say that this Board have recommended, as we see, the 
construction of ten to twelve different guns. Past experience shows 
that no system of gun has ever been perfected or satisfactorily tested 
until a number of guns of a given size have been made, and for 12 inch 
guns usually two years has been allowed for the preparation and making 
of the first one; so that to perfect any one of these systems of 12-inch 
rifles in the ordinary way would take from four to eight years, with an 
expenditure of several hundred thousand dollars. If now we multiply 
this several hundred thousand, which must be taken at least as G or 8, 
by the number of guns it is proposed to test, we shall find a very large 
sum of money and much time expended before we should satisfactorily 
arrive at a conclusion of what is the best gun, if we proceed, as the Board 
has proposed, to make a test of 12-inch rifles of different systems, and 
finally select the best. If, however, we were to make the tests recom^ 
mended by me, as per estimate proposed, while we should spend, say, 
$400,000 in selecting which of these systems was the best, we should 
know more of the art of gunnery, as to the true system of building up a 
gun, and of the real and absolute strength of those guns« than has been 
determined by Europe in spending four hundred millions of dollars. 
We spend from a half million to two millions on a war vessel and then 
throw it in the scrap-heap unfinished. I propose simply to spend four 
or five hundred thousand dollars to know how to make the best gun, or 
which is the best system of gun construction, and after we have selected 
the best system we may make 12-inch rifles on that system and determine, 
by actual firing, the most suitable charge for such a gun. 

It has been stated by some that machine tests and powder tests are 
different things; but I would say, as an engineer, that while the powder 
test endures in the gun with a maximum pressure only for a very short 
part of a second, in the machine the test endures often for hours be- 
fore the specimen is burst, and those systems which may be selected by 
the machine which are shown to endure the tests for hours certainly 
may be expected to stand the test for a fraction of a second, while those 
systems which the machine shows have not strength to resist large pres- 
sures any length of time certainly offer poor inducements to put into 
the hands of the Army and Navy to defend ourselves with. So it would 
seem to me vastly more economical of time and money to proceed with 
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the use of the machine as a fit instrument to select the best system to 
test by testing these sections, and then make the guns actually required 
for service, and then tind, having the best system, what endurance it 
has, and use such charges as are consistent with that endurance and 
the wants of the service. 

The Chairman. Do you think that a machine test where the pressure 
would be used for an hour would be as good a test as a test where the 
whole force and power was instantaneous! 

Mr. Emery. In on^ case the pressure endures lor a hundredth part 
of a second at a maximum, or less than that, and in the other case the 
piece has endured it for hours. If it will endure that pressure for hours, 
it inust have endured it the small part of a second first, and repe-ated 
it many times to make up the hour, so that a model which will bear this 
pressure 

The Chairman. That is not the point; of course it endures it. What 
I mean is, whether, where a pressure is gradual, the resistance is not 
greater than it would be where it was momentary. Is, or is not, the 
power of resistance greater I 

Mr. Emery. The metal will bear, for a very short space of time, much 
more pressure than it will bear for a long time. For instance, the old 
powder pressures obtained in the smooth-bore with the quick powder 
formerly used were usually more than any of those guns could have en- 
dured for two minutes, and yet the gun might endure five hundred or a 
thousand fires before rupture. It would, in general, endure until the 
added times of these maximum pressures, throutsh the repetition of firing, 
amounted to one or two or three seconds, and then the gun has burst. 
But with the testing machine we may find what the maximum pressure 
which the gun will endure is, and then se^ to it that our powder does 
not give more pressure than that which the gun is fit to endure for 
hours. In that case the gun would be permanently safe. 

The Chairma^n. Is powder a thing that you can calculate upon at allf 

Mr. Emery. Yes, sir; we can make our powder of such density and 
such material that its rate of burning is pretty well controlled. That 
being the case, if the projectile put in the gun is of a kind which shall 
offer no obstruction other than that of its inertia to movement from the 
gun, and the packing resistance is such as to otter comparatively a few 
thousand pounds of friction, then the time which that gun will have to 
endure that pressure may be approximately well known, and the maxi- 
mum pressure which that powder will give pretty definitely known; 
but if the projectile is of a kind which will wedge in the gun, so that the 
projectile instead of being propelled ceases to move forward, you may 
get an unknown pressure which will be sufficient to destroy a gun of 
otherwise safe strength. 

The Chairman. As I understand your theory, would you say that 
testing a gun under the pressure of the testing machine, as it is called, 
would be a sufficient test without firing it ? 

Mr. Emery. Be a sufficient test to select which of these systems was 
the strongest, but not a sufficient test of the system. I would select, for 
instance, from ten systems by the machine tests^ two or three which 
showed themselves to be much stronger than any of the others. 

The Chairman. You are speaking of the metal f 

Mr. Emery. Of the metal when put into the form and prepared in 
the way you prepare it for the large guns, jireparing tjhese sections 
precisely as the guns made from them would be prepared, so that they 
correspond to the sections of actual guns of those sizes. Then we de- 
teriniue the relative strength of guns on those systems of construction, 
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and when we know the relative strength, we wonld take those which 
were the strongest, and instead of testing ten systems with powder, we 
would select, by the aid of the machine tests, two or three systems as 
being the best, and then build our 12-inch guns on those systems, afld 
see what endurance they had with the powder test. Instead of going 
to the expense of testing ten systems of large guns, we would go to the 
expense of testing one, two, or three systems. If one system showed 
radically more strength than the others, we would select tbat one and 
test it ; but we may find that it is divided Ijetween two or three, as being 
much stronger than the others, and each having their point of excel- 
lence in strength or economy of construction. 

In regard to the guns themselves, I would say that I have several 
plans of construction which seem to me, as an engineer, with my pres- 
ent knowledge of materials and ordnance, to possess such points of ex- 
cellence that I do not hesitate one moment to say that I know I can make 
a better gun than has ever been made yet, and I know that I can pro- 
ceed to make at once 12-iuch rifles which will be good, but it is not 
probable that I would make the first 12-iuch rifle as good as I would 
the succeeding one with more experience, but I certainly should be able 
to make a good one the first time. 

The Chairman. That is your opinion ! 

Mr. Emert. I know it as an engineer, and my opinion as an engineer 
is that it would be better than any gun that has been made. I know, 
as an engineer, it wonld be a good gun. 

The Chairman. What material would you make it of? 

Mr. Emery. I would make it of cast iron and steel and bronze, or of 
steel and bronze alone, depending on which of the systems I selected. 
If I selected the system of cast iron and steel and bronze, shown on 
Plate 2 of my plans before the Board, I can make a 12-inch rifle with the - 
present facilities in the country bj' importing simply one piece of metal, 
its barrel. We have no hammer in this country sufficient to make a 
lining barrel for a 12-inch rifle. If the number of guns ordered to be 
made were sufficient, then I would provide a hammer and make that 
lining barrel here, otherwise I should have to import it. 

That is the single piece I should have to import to make 12-iuch rifles 
under tbat system, rifles which 1 know would be good, rifles which would 
give very excellent work, but not so strong as one I would make of 
steel, if the whole breech chamber and breech of the body is of steel, 
which would require a much larger plant. That plant necessary, with 
the hammers, to make the 12-iuch rifle, where the whole breech of the 
body is of steel, is expensive, more expensive than any one would be 
warranted in making without the proper assurances were given that 
appropriations would be made and a large number of guns purchased 
if the gun so produced proved to be the best gun that was made. 

The Chairman. What assurance can one Congress give that another 
will do the same thing? You cannot have any assurance from Con- 
gress. 

Mr. Emery. It is exceedingly difficult. We must, therefore, as gun- 
makers, take our risk of doing the work which must be done with such 
a contract as one Congress is willing to give, taking our risk of another 
Congress following in its footsteps. If a system should be selected 
which 1 have proposed for the construction of a 16-inch rifle, a gAn more 
powerful than any that has ever yet been made, a gun to take a service 
charge of 800 pounds of powder, with a projectile of 1,600 pounds, that 
system can be built in the same plant which would build the steel gun 
with a 12 inch breech of steel. 
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The Chairman. How much armor would that penetrate T 

Mr. Emery. At least three feet of wrought iron. 

The Chairman. At what distance ! 

Mr. Emery. At half a mile, and probably at a mile, with suitable pro- 
jectiles. That gun can be made as a 12-inch rifle in the country at 
this time by the importation of two pieces of steel for it; that is, for the 
lining barrel and the chase. That system presents greater facilities for 
the working of very large bores than any other that is known to me — 
that is, for giins of great strength — without very massive tools for pro- 
duction. It would be quite as easy to make a 20-inch gun on that plan 
to burn 1,G00 pounds of powder as to make the 16-inch Krupp gun^ 
equally good, which is for a charge of about a third of that quantity of 
powder. The Krupp gun is the best knowp to the public to-day. It 
is a very strong, serviceable gun, but has very serious defects in its con- 
struction in that the part of the gun which constitutes the chamber and 
seat of the shot, which should be of the strongest and best metal in the 
gun, is of the very poorest. His forging for the body being made solid, 
the outer part is well condensed under the hammer, but the inner part 
is very poor and soft. The very poorest is bored out in making the 
bore and chamber of the gun, but the poorest which is left is next to 
the chamber, metal which is so soft that it often flows under the press- 
ures which it should endure, and when it flows under the powder press- 
ure it acts with the powder to burst that part of the gun around it. 
The exterior of Krupp's gun is of steel bands, which may be well temp- 
ered with oil and be made good, but this interior body is of such form 
and size for the large guns that it cannot as yet be well for^red in its 
inner portions, nor has any process of tempering yet been put in prac- 
tice by which a mass so large can be tempered. By making the guns 
of the form and construction I have proposed, the finished parts of 
steel which I have proposed can in every instance be well forged, that 
part which is not well forged being in every instance removed by bor- 
ing, and they are of such proportional thicknesses to their size and form 
that they may in all instances be tempered in oil, thus giving us steel 
guns of much greater strength of parts before assembling than are pro- 
vided in the Krupp gun ; and the processes I have for assembling are 
such as to enable us to assemble them in such a way that the interior 
of the gun is under compression and the exterior under tension, prop- 
erties which are extremely desirable in gun construction, as is well 
understood by all ordnance officers. 

The Chairman. There never has been any test of that kind of gun. 
There has never been any gun of that kind made. 

Mr. Emebt. No, sir. 

The Chairman. Would you* advise the government to make a con- 
tract for making guns of that kind without testing them ? 

Mr, Emery. I would advise the government to do it on two condi 
tions : first, that the party proposing the contract was known to be a 
man of good judgment and experience in the knowledge and properties 
of the materiuls of which he is talking ; second, that he would take the 
risk of furnishing a good gun, as I did in the case of furnishing a testing 
machine. 

The Chairman. As I understand you, there is no plant in this coun- 
try calculated to make that kind of a gun ? 

Mr. Emery. We caii make, as I said, the 12-inch cast iron and steel 
gun which I propose, in this country, by importing simply the lining 
barrel, and we can make it more easily than any other gun that has yet 
been proiM)sed of equal strength. That gun will be nearly or quite as 
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strong as Ejupp's, but mnch less expensive to make. Those which I 
propose with entire steel breech-body made of built-up parts will be 
stronger than Krupp's, but those take a more expensive plant than the 
other, a plant which we have not, ^nd which we should not be justified 
in making unless a contract for quite a large number of guns was 
offered. 

While I have offered my own opinion as regards the quality of my 
guns and their processes of construction, I would like to hand two let- 
ters to the committee, or rather copies of letters, the originals of which 
I have, to show the opinions of other well known engineers as regards 
the quality of these guns — one, the letter of General Gillmore, a well- 
known United States engineer; and the other, of the late A. L. Holley, 
who was perhaps the best informed on gun -plants and their construc- 
tion of any man in the world, he having repeatedly visited the various 
large gun-works, and having access to all of them at all times as few 
in the world had : and no other engineer has, to my knowledge, made 
sucfi frequent and extended visits to various gun-works over the world 
as Mr. Holley. 

The Chairman. Is General Gillmore the man who used to command 
in South Carolina during the war? 

Mr. Emert. Yes ; and he burst a good many guns while there, and 
General Foster, who succeeded him, burst a good many more. I asked 
him what proportion that was of the guns they had, and he said pretty 
much all of them. He alludes in the letter to his experience with short- 
lived guns. He was the president of the Mississippi Biver Commission 
at the time he wrote this letter, and would be now except for retirement 
on account of ill health. 

The letters are as follows : 

United States Enginkkr Office, 

Army Building, New York, July 21, 18R1. 

General: Knowing the interest you feel in everything relatini^ to the efficient 
and economical defense of our sea-coast, 1 have taken the liberty of writing this 
letter for Mr. A. H. Emery, a distinguished mechanical engineer, who has given 
much thought to the subject of heavy enns. 

I have known Mr. Emery for several years.. He designed and built, a few years 
«go, for the United States Board for Testing Iron and Steel, of which I was a mem- 
ber, a testing machine of 400 tons capacity, which is admitted to be unrivaled in the 
world for perfection of design and workmanship. It gives the most accurate results 
under light as well as heavy strains. 

Mr. Emery's designs for heavy guns, for new guns, as well as converting old smooth- 
bores into rifles, are remarkable as embodying the highest theoretical and practical 
knowledge of the properties and nses of the various gun -metals. His methods appear 
to possess every essential element of superiority. 

My disagreeable experience with short-lived guns during the civil war has led me 
to regard with favor the eflbrtsof all competent men to give us an efficient armament 
for sea -coast defenses. 

I believe that ^nns built after Mr. Emery's designs and under his direction would 
meet all the requirements of efficiency, endurance, and cheapness. 

I am sure it would tend to advance the public interests if you can afford him an 
opportunity to exhibit and explain his various designs. 
Very respectfully, your obedient servant, 

Q. A. GILLMORE, 
Lieutenant^Colotiel of Engineers, BrtMaj. Gen., U, S. A. 

General W. T. Sherman, 

Washington, 7>. C, 

New York, July 2, 1881. 

Gentlemen: Mr. A. H. Emery will see you about interesting your company with 
him in the manufacture of guns on his plans. 

I am thoroughly familiar with Mr. Emery's plans and with his qualifications as a 
mechanical engineer. As a member of the United States Test Board, I ins^cted, fh)m 
time to time, the building and performance of the 400-ton resting machine that Mr. 
Emery built for the Watertown Arsenal. This is universally admitted to be one of 
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the most remarkable mechanical coDBtrnctions in the world, and it establishes Mr. 
Emery's position not only as an ingenious designer, but as a successful builder of ma- 
chines and structures that involve the highest formulated knowledge of materials 
and strains and the greatest familiarity with machine-shop details. 

The successful manufacture of ordnance involves the same kind of theoretical and 
practical knowledge as that which Mr. Emery has so ^lly exhibited in the testing ma- 
chine, and I can say with confidence that I know of few, if any, men who could make 
better guns, considered as mechanical structures. 

As to the designs of Mr. Emery's guns (for many features of which I think he can 
secure valuable patents), I am of the opinion that they embody the great established 
principles of g^n making in forms and methods which are superior to any others 
with which I am familiar, both as regards efficiency and cheapness. Since the publi- 
cation of my treatise on ordnance and armor I have endeavored to keep posted on 
great-ffun ma^ng by frequent visits to Woolwich and to Krupp's, and to other works 
abroad, so that I am, perhaps, warranted in expressing an opinion on the subject. 

I have no doubt that the manufacture of ordnance on Mr. Emery's plans and under 
his general supervision would, if proper tools and facilities were provided, become a 
very large and profitable business. 
Yours, truly, 

A. L. HOLLEY. 

Mepsrs. liACKiNTosH, Hemphill &, Co. 

The Chairman. Is there anything more yoa want to say t 

Mr. Emery. I do not know of anything ^irther. 

The Chairman. Do yoa make this as a proposition to the govern- 
ment T 

Mr. Emery. If you choose so to take it. I would add that the plan 
for all these machine tests, with the estimated costs, is in the hands of 
the Board and can be obtained at any time from them. I will under- 
take to make those experiments of all the systems there at the price 
there mentioned. I should not like to do it at a less price. 

I would like these tests made, so that Congress might feel assured 
the models I have designed are not only excellent but much better 
than the service guns that have been made in Europe. For myself, I 
am fully satisfied, and if Congress will not make these machine tests, 
I would not hesitate a moment to take a contract to make these 12'^ 
and 16^' guns in reasonable quantity, at a suitable price, to be based 
upon their quality, with the condition that no charge should be made 
for the experimental guns unless they proved to be good guns, although 
Congress has heretofore almost always, if not always, paid for the ex* 
perimental guns, of which many have been built under the directions 
of the inventors thereof, in addition to the large number of trial guns 
the departments have built directly under the supervision of its own 
officers; and though the building of guns and plants to make them by 
the government has cost many years of time and some millions of 
dollars, not a single satisfactory gun has been produced in this country. 

The plans which I put before the Board included plans for convert- 
ing lOinch smooth-bores into 8-inch rifles and 15-iuch smooth-bores into 
11 -inch rifles, as well as the plans of new gun construction. The Boards 
however, decided that it was unadvisable to convert the smooth-bore 
15-inch and 10-inch guns on any plan; that they had better be used as 
they were. Should the conversion of the 10-inch smooth-bores into 
8-inch rifles continue they might be made much stronger under the plan 
I proposed than those being used, and they would give very serviceable 
guns with much higher velocity and greater durability than those 
heretofore converted. The expense of conversion would be more thau 
that of the present system, but not so much more as the gun is better. 
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HOBKAV WIABD. 

Proceedings of the Senate Select Committee on Ordnance, Saturday 
January 6, 1883, 

1. The Ghaibman. Mr. Wiard, have you any inventions in heavy ord- 
nance to bring before usf 

2. Mr. WiAED. 1 am not fully prepared, Mr. Chairman, to submit my 
proposals now. 1 have drawings and engravings in course of prepara- 
tion. I desire at this time to read a review of the Nut Island experi- 
ments to the committee. I will present my proposals in a few days. With 
your permission, I will hand them in previous to your next meeting. I 
simply wish now to present to you what I have already done, and ask 
that it shall be considered. I have already conducted the experiments 
I desire to refer to, partly at my own expense partly at the expense of 
the government. I desire to show you how guns can be produced 
cheaply and quickly from stock on hand. I have already tested the most 
complete, powerful, effective, and reliable system that has ever been 
tested by any one. The results have been grossly misrepresented. I 
wish to put you in possession of the facts, as shown by the official re- 
ports and other testimony, that you may have fair opportunity to judge 
of its value. 

3. The Chairman. Let us have it 

THE NUT ISLAND EXPERIMENTS WITH GREAT GUNS. 

A Review by Norman Wiard. 

''Facta are atubbom thingB." 

4. The Nut Island exi)eriments were authorized in the beginning by 
act of Congress approved Ma.v 23, 1872. The experiments were contin- 
ued through the years 1873, 1874, and 1875 with such remarkable re- 
sults as to attract the attention of experts throughout the civilized world; 
and although the firings terminated six years ago, and every military 
power has steadily continued to make enormous annual expenditures 
in efforts to increase the power of artillery, no real improvement has 
been made. 

5. It is true that larger calibers have been adopted, longer bores tried, 
new complications have been added, increased expense has been in- 
curred, but up to the present time not a single gun has been produced 
by anybody or anywhere in the world of the calibers, weight, or cost of 
the Nut Island guns which gives even one-half the power for the pene- 
tration of iron defenses, at long or short ranges, possessed by guns of 
the Wiard system if the same charge of powder and same weight of 
projectiles are used. 

6. Further, there is not a rifle-gun of large caliber now on hand in the 
I)ossession of the United States or any other government which cannot 
be more than doubled in power and greatly improved as to endurance 
by applying to it the Wiard system of rifling and adapting it to the use 
of the Wia^ ^'centered," ^^ me<*/hanical fit," ^'spiral triangular," sub-cal- 
iber projectile, with a cutting point. 

7. The facts officially reconled in the reports of the Nut Island trials 
show plainly that the above statements have solid foundation of truth. 

8. The abiaence of the inventor in Japan for two years immediately 
following the conclusion of the Nut Island experiments afforded oppor* 
tnnity to disloyal officials, ignorant and designing persons, selfish and 
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anscrupuloas rivals, formers, thieves, and coospiratora to cast a shadow 
of doabt over the results. 

9. Even a casaal examination of the/octe offlci^ly reported will con- 
vince any sensible and unprejudiced person that the donbts thus crea- 
ted hare no real foundation. 

10. The Secretary of the Navy, in answer t« a letter of inquiry ad- 
dressed to him hy the chairman of the Kaval Committee of the House 
of Bepresentatives (pages 16 to 121, inclusive, H. B. Mia. Doc Xo. 170, 
part 9, Forty-fourth Congress, first sessiou), said of the results : 

11. The penetration of the project) lea invented and fired by Hr. Wiftrd in tltese experi- 
ments ahowH a result, botb at short and long range, unequaled in the history of beav; 
ordnance, illDstrating at ouce tUe correctness of his manner of riding, and the fact 
that his projectile is the best ;et invented for that pnrpose ; and it is evident to any 
one that valnabiedata, recorded by the officers detailed to witness these firings, conld 
only be obtained as the results of thuae or similar experiments. 

12. And he further said : 

13. It is true that the laost remarkable results obtained were produced by charges 
of powder not exceeding and even less than these allowed by regulations for actnal 
service, as, for instance, the penetration of 13 inches of iron at the distance of a mile 
with 70 poands of ponder, the re((ulalion charge allowed for the same caliber of gnn 
in battle being 100 pounds. 

14. The experiments were inaugurated by preparing two new guns of 
16-incb caliber, each weighing about 16,000 pounds. The guns were 
casthnllow and cooled from the interior. They were designed by General 



Bodman, and cast under his direct supervision. One was rifled on the 
Wiard plan; the other remained in its original condition, a smooth bore. 
They were mounted on like carriages and set up side by side, to be 
fired — according to the terms of the contract — with like charges and of 
equal weight of powder. The projectiles were of equal weight, one 
spherical and the other conical, centered, and mechanical fitting, and 
were aimed at targets — short range — each 15 inches thiek. 
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15. The official inspectors present described the guns, as mounted, as 
follows : 

il tntptctoT, on ihtli fired 

16. Tbe KI1I18 tDonDt«<t on Nut Islanil, in 1873, were two 15- Inch gans, weighing 43,000 
"pouiidB each, made by the South BosCnn Iron CompaQy, and a pattern differing some- 
-wliat from tlie annj and navy gone of the same caliber. One wasriHed on the Wiard 
plan, the other an original smooth bore. They were mouut«d on army carriageH with 
slides lengthened so as to admit of excessive recoil, and were not provided with any 
meaosof reitraining the recoil, depending only on the friction of the curia^ou the 
slides. 

17. Oaptain Truxton, in his re]>ort, used the same lan^age iu describ> 
jng the guns and carriages. 

18. Captain Brown described the targets as follows : 

19. Tliese ^uub were Unid on the 2eth of November, 1873, at 'similar iron targets, 16 
inches in thickness, composed of live 3-inch plates, backed by frozeB gravel, and dis- 
tant 160 feet from the gnus. The two guns were loaded with like charges of mammoth 
powdet of 140 pounds each, the projectiles being of equal weight — 450 pounds — that 
for the rifle being of the Wiam pattern, with chilled ogival point; the one for the 
smooth bore being a solid spherical shot. 



Slum yaclit UluDebslut. 

JbjporC o/ Captain IYhxUhi, refei-ring to ilioli fired on 28'A November, 1S73. 
Unitbd States Navy- Yard, Boston, 

Ordnanee Offlee, Hovtiaber 29, 1873. 

20. Comhodork; For the information of the Bnreaa of Ordnance I hkve to report 
"that Mr. Norman Wiard, yesterday afternoon, the 28th instant, fired one shot from his 
rifled l&-inch gun, the projectile being of chilled iron of the shape shown by the phot^i- 
graphs in possession of tue bareau, and weighing 450 pounds; the charge was 140 
pounds mammoth powder, mannfactured by the Oriental Powder Company of Boston, 

21. The target consisted of flveptat«i, each of 3 inches in thickness, rolled from a pll« 
-of six half-inch plates, and prepared by the construction department of this yard. 
The target was in troat of the bntt and a backing of 10 feet frozen ground, and waa 
placod at a distance of 150 fbet from the muzzle of the gun: the plates were banded 
together at the top. Owing to the freezing of water in the gt*vel the plane of tha 
target diff'ered abont an inoE from the face of the mnzzle. 
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P THE FIIUNO. 



SS. The resnlta of the firing were m follows : The rifle projectile perforated the five 
platea and was found in the frozen grarel very mach diatorted. The plktea were 
driTen into the batt, very badly eihatFered, and two large pieces sent fl;mg tbrongh 
fbe air a distano^of 50 yarda. 

THE HUT ISLAHD OKCMaNCE EXPBRIMEHTS, PLATE 3. 



The target flnc«n Incbe* tl 
TwelTe feet of ttomeu gnn 
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Remarki of Capt. Qtorge Brmvn, V. S. S. 

23. Fired »t Iron target, 15 iochea thick, made op of Bve plates e»ch, 3 inebea thick. 
Shot penetrated the target and paaaed through 12 feet of fivzen graxel. Point of 
ebot intact. (See Mis. Do«. 170, part 9, H. R., Forty-fourth Congress, flrat seseion, 
page 96.) 

S^wt of Captain IVhxIm, referrittg lo itob firoi on S8r& ^<>t>«Mier, 1B73. 

34. The projectile struck a little to the left aud below the center of the target, past- 
ing throagh it at an angle and bnrjing itaelf in the gravel of the bntt, from wliich it 
was dng out very much distorted in shape, with a small piece chipped from the side of 
the apex and broken aS at the neck. All the plates were driven well into the bntt, 
very Dadly shattered, and two large pieces sent flying throngh the air a distance of 
50 yards. 

THE BHOOTH-BOBB GUN. 

THE TARQKT AFTER FIRINQ — THK NTT IBI.AKD ORDNANCE EXPERIMENTS, PLATE 3. 
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THE TAROKT ATTER P1R1N<1. 
^uolaliont from tht general report o, 

25. The spherical shot flred from the emooth-bore gna perforated two pUtes, badly 
indenting the third, and driving the platen welliuto the gravel of the bntt. The shot 
was literally pulverized. (Bee Mia. Doc. 170, part 9, H. B., Forty-fourth Cong., 
Ant seoaion, page 96.) 



Bi^orl of attain Truxton, r^erriitg U> rioti fired on 28(ft NoveoibBr, 1873. 

33. * ' * A spherical shot of the same weight and of chilled iron was then lired . 
with same charge of powder ftom the smooth-bore gun at atarget in all respects iden- 
i,ical with the one already described. The shot penetrated the two first plates, badly 
indented tbe third, and ^vethem all w«ll into thegravelof the batt. The projectile 
was literally pulverized. •••••»■ 

W. T. TKUXTON, 
Captain U. 3. A'., Inspector of Ordnanoe. 
Commodore E. T. NlCHOl.a, Commandant. 

(See pages 130 to 132, Mis. Doc. 170, port 9, Foorty -fourth Congress, first session, 
H. E.) 

THE PRESS. ^ 

(From the BoBloD Herald ot Horember 2», 18T3,] 



[Fran tbe Boston Daily Globe of November 2», 1ST3. | 

isatNut Island yesterday; 
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(From the Boston Post, Noyember 29, 1878.] 




[From the Boeton Daily Advertiser, November 29, 1873.] 

30. Engines of war. — The trial of heayy ordoance at Nut Island yesterday ; sac- 
cessfal ezperimeuts; terrible aiid irresistible weapons. * « « • 

[From the Boston Journal, November 29, 1873.] 

31. The Wiard gitn. — Successful test of the heavy ordnance. In the presence of 
some fifty gentlemen a remarkably successful test or heavy ordnance was made at 
Nut Island) in Boston Harbor, yesterday afternoon, the two guns used, one smoothr 
and the other rifled, being fifteen inches caliber and weighing 46,000 pounds. * * 

[From the Boston Evening Transoript, November 39, 1878.] 

32. The Wiard gun proved all and more than its inventor claimed for it in project- 
ing force at the trial on Nut Island yesterday. • • * * 

33. The Secretary of the Navy said : 

34. Mr. Wiard succeeded in penetrating 15 inches of iron at a distance of 160 feet,, 
with a projectile of his invention, fired irom a l&-inch gun rifled on his plan. The 
official details of these experiments will be found in the reports of Commander Brown, 
United States Navy, and Captain Michaelis, United States Army, already communi- 
cated, and the official reports of Captain Trnxton, the ordnance officer specially de- 
tailed to continue the experiments, and of Mr. Wiard to the Bureau of Ordnance, 
copies of which are hereto annexed, and marked respectively C and D. A statement 
and general description of these experiments and their results will also be found in 
the printed pages hereto annexed, numbered from 23 to 32, inclusive, and marked £. 
They attracted great attention both here and abroad^ as will he seen by the aooompanying ea^ 
tracts from our own and foreign newspapers and periodicals^ which are hereto annexed, and 
marked F. These reports show^ as the result of the experiments, great success under par- 
ticular oircumstanceSf and the possibility of converting the large stock cf unserviceable ord- 
nance already on hand into mast efficient and successful weapons of war at a very small 
expense, 

36. The inventor of the gnns says: 

36. By the firing on the 28th November, 1873, it was desired and intended to pro- 
duce veij startling results, by use of excessively heavy charges of the most effective- 
powder lor the penetration of armor plates. 

37. At the time the Virginius excitement was at its height, our minister at Madrid 
had turned over the property of the legation to the Italian charg^ d'affaires, and had 
demandedhiBpa88ports(28thday of November, 1873, the very day their guns were fired). - 

38. A war with Spain was impending, the legation of the United States at Madrid 
was attacked by a mob, the press at home and abroad ridiculed our preparation for the 
contest, referring to the ''utmost power of our cast-iron smooth-bore bombards'' as in- 
sufficient to break through the weak armor of either ''the Merrimac, the Atlanta, or 
the Tennessee," while the strength of the armor of the ships of war of Spain was 
magnified. A Spanish iron clad nappened to be undergoing repairs in the dry-dock 
at Brooklyn navy-yard, with her armament and powder stored as if she was a pris> 
oner of war, and'her guns hostages on shore. 

39. So great was the alarm at the thought of her liberation and the consequences 
to the cicy of New York, that a Imrge loaded with coal was secretly scuttled and 
sunk in front of the gates of the dock to prevent her getting out. 

40. It was under these circumstances that the inventor of the Wiaod gun inaugu- • 
rated the Nut Islaud experiments. 

41. Under the terms of his contract it was necessary to encounter the very difficult 
problem of producing an elongated conical shot of the same weight of a spherical one 
of the same diameter, so as to have all the conditions equal for the smooth-bore and the 
rifle gun, for all the experimental firing with this pair of guns. This was accomplished 
by forming a cavity in the rear or bore of the rifle shot, and the shot was consequently 
so short in its bearing in the grooves, when so prepared, that there was ^^at danger 
of its tnrhing over in the gun, and it was known that but a slight deviation of the di- 
rection of its axis would burst the gun, and thus ingloriously and unprofitably termi- 
nate the experiments. The inventor, who was alone responsible for the results, ao- 
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cepted the situation out of regard to the gravity of the occasion, and the result as 
shown by the official reports, and the ''notices of the press," was fall compensation 
for his risk and anxiety, showing a complete revolution of public opinion in relation 
to the fitness of cast iron as the material from which to make powerful rifle guns for 
the national defense. 

42. The London Army and Kavy Gazette, in the following, quoted 
from its colamns, referred to the difficulty of producing a conical and 
elongated shot which should be of equal weight with a spherical one for 
the same caliber of gun : 

43. While our English artillerymen, or rather the particular sect of them which ha 
its fetich at Woolwich, are shutting their eyes to whatever is going on in the rest of th 
world, content with repeating the liturgy of their faith in the ''hardest-hitting, flat® 
test-trajectoried, longest-ranging, straigh test-shooting gun in the world,'' the Ameri~ 
cans, if we are to believe the deliberate statements contained in a paper of character, 
have produced a cast-iron gun — a material, according to Woolwich faith, utterly unfit 
for ordnance — which leaves far behind it the most advanced stage reached by our guns 
in destructive power. In an ex])eriment at Nut Island the gun of which we speak, 
rifled on the system of a Mr. N. Wiard, drove a shot, 460 pounds, through a wrought- 

iron plate 15 inches in thickness. We are told that this gun, which weighs 23 tons 
was charged with 140 pounds of powder. The shot must have had something pecul- 
iar in its construction, because, although conical and elongated, it only weighed as 
much as a round shot fitting the same bore. * * * 

44. The London Engineer, a technical journal of high character, pub- 
lished the following : 

45. Some remarkable result<s have been obtained during the recent trials of naval 
ordnance, carried on under the supervision of Mr. Norman Wiard, at Nut Island, Boston 
Harbor. Mr. Wiard's improvement consists in rifling an ordinary smooth-bore gun 
with two grooves, having for a 15-inch cannon a twist of one turn in 50 feet, and cut 
in the sides of the bore so as not to cross the bottom. The object, of this axTan^e- 
meut is primarily to allow the gun to be used as if it were a smooth-bore, and with 
ordinary spherical projectiles, which, were the upper and lower surfaces of the in- 
terior rifled, w^ould in balloting destroy the grooves and strain and weaken the piece, 
while the tiring would besides be greatly impaired in accuracy. 

The trials above referred to have, however, proved an unusual gain of penetrating 
force, due to this system of rifling. Two ordiuary smooth-bore guns, of 15-iucb bore, 
were selected, one of which was grooved according to Mr. Wiard's plan, and pro- 
vided with conical projectiles. The other was left in its normal condition, and ordi- 
nary round shot employed. The extremely large charge of 140 pounds of powder was 
used, and the projectiles weighed 460 pounds each. Two targets of wrought-iron 
plates, 15 inches in thickness, were erect^ed side by side, l(iO feet distant. The rifle 
was fired first, when its bolt went clear through the target, tearing ott* a huge frag- 
ment, and throwing the same a considerable distance, and then burying itself in a 
sand bank. The smooth-bore shot entered the target for 6^ inches, and there stuck. 

46. The experiments were of course merely designed to determine penetrative power, 
and hence were made at very short range, but we understand that further experi- 
ments are to be inaugurated for the purpose of estimating the comparative dis- 
tance and rapidity with which the projectiles can be thrown from guns rifled after 
the Wiard pattern and smooth bores. It will be seen, however, that the results thus 
far obtained are better than those reached in the celebrated Tegel tests of the Krupp 
guns. * • * 

47. The London Army and Navy Gazette referred to the Nut Island 
experiments again, as follows : 

48. The experiments were made under the observation of Captain Truxton, captain 

of ordnance, of the Navy Department, and under the superivsion ofNorman Wiard, 
agent of the department and inventor of the rifling improvement. For the purposes 
of the experimental tests there were provided two guns of *23 tons each and of 15- 
inch caliber. One was the common smooth bore, and the other was rifled in accord- 
ance with Mr. Wiard's invention ; but in other respects there was nodifterence what- 
ever. One hundred and forty pounds of powder — the largest quantity ever used in a 
gun— was fired from each, and the projectiles were respectively of 460 pounds weight. 
The targets consisted of wronght-iron plates of 15 inches in thickness, and they were 
erected side by side, 150 feet distant. The rifled projectile tired from the Wiard gun 
was of conical shape, and the one flred from the common smooth-bore piece was nec- 
essarily round. The one first named went clear through the 15-inch plates,* and out 
of sight into a sand bank in the rear. The demolition of the almost invulnerable 
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target wbs complete, and bo great was (he force with which it was stmck that a fcng- 
ment of 300 or 400 pounds was thrown clear a^^ross the island a distance of not less 
than a quarter of a mile. The projeclile from the aiuootli-bore frun penetrated th« 
target only about G^ inches ; and as the advantages were precisely oqnBl, the supe- 
riority of the rifled arm was at nnce established by the experiment, and admitted by 
the government authorities of observation. • • • 

49. The foUowlDg tabulated atatemeats are compiled from official re- 
ports: 



ID tJie liffbt p>Hed tbnmKb the t 



Tetifor wmparatirt raagti. 





1 
■s 




Date. 


Cluif. 


Projectile. Gnn iu«d. 


1 


Range. 


1BT3. 
Dec 7 


1 


SO ponDd* Oriental Ullli. 


4H-i»imd ■pfaarlol , Smooth t»», IS-lnch 

shot enliber. 
4S0.poiindWl»rdeoii- Wtort rifle, is-inoh 

i«] ahot. «Uber. 


16 


TanU. 
S.I»S 






8,*eo 






■hot. 1 oiUber. 
UO-ponnd Vlud eon- Wlmrd rifle, 16inch 
1«] sfaot. uliber. 









bl. From the above table it can be I 
ill range over its competitor of the si 
tile, ttc. 

5^. The gain in initial velocity of the rille^uu over its competitor was. however 
ireuiarkablo aod decisive as proving the superiority of the mode of rifling in c 
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tion with the mechanical fit projectiles than any other mode of determining the rela- 
tive value, than even actually firing at iron targets. The increased initial veU>city is eit" 
tirely due to the mode of rifling, and the greater ease with which the shot is ejected from 
the gun. A greater penetration of iron might be, in part, attributed to the form of 
point and the diameter of the perforating body of the projectile. 



Date. 



Aug. 28 

28 
81 

81 



Gan. Charge. I Projectile. Velocity. 



' Feet. 

IS-inch sraootli bore 50 pounds Oriental 461-pound spherical shot 1 , 067 

llills, hexagonal. , 

16-inch Wiard rifle, No. 1 do 457poand Wiard conical shot 1. 14» 

15-inch smooth bore 140 pounds Oriental 450-pound spherical shot 1, 642 

Hills, hexagonal. , , 

16-inch Wiard rifle, No.l. ....do ' 468-poand Wiard conical shot I 1,682 



53. It will be noticed that in both cases the rifle shot was heavier than the shot from 
the smooth-bore gun, yet the heaviest had the highest velocity. The increase in power 
of the rifle over the smooth bore is in the ratio oi( the square of the velocity multiplied 
by the weight) about as 5 is to 6 in the first pair of shots, and about as 4 is to 5 in 
the second pair. The ratio of increase of power between tlie 50-pound and 140-pound 
charges is about as 6 to 13, in both cases rifle and smooth bore, while the difference^ 
in the weight of the powder charges is in the ratio of 5 to 14. 

54. Although a great many charges of 140 pounds of powder were fired from each ^nn , 
the official inspector's reports claim that neither gun was injured. (Page 97, H. Mis. 
Doc, 170., part 9, Forty-fourth Congress, first session.) Although the same reports 
of star-gauge measurements show enlargement at the seat of the shot in the smooth- 
bore gun of abont .016 of an inch, while no enlargement was detected in the rifle gun. 
As to precision with the rifle, the inspector says : Of two shots out of seven aimed 
at the distant target, were '* in perfect line witn the bull's eye," and that the seven 
were " all good shots." (Page 97, Ibid.) ' • 

66. The proposal to the Secretary of tbe Navy to conduct the Nut Island* 
experiments was presented in a letter dated New York, March 16, 1872, 
indorsed, ^< Combined rifle and smooth-bore guns — an improvement in 
heavy ordnance, by Norman Wiard,'' and was in effect a proposal to prove 
by practical experiments that smooth-bore guns of cast iron, such as 
were on hand in possession of the government, and utterly useless iu 
their present condition, might be converted into powerful, enduring, 
and efficient ^^ combined rifle and smooth bores " at very low cost, have 
the quality of powerful rifle guns imparted to them, with better endur- 
ance, and%t the same time retain all their efficiency as smooth bores 
for sh ells and rickochet practice, so that they might be fired at will either 
with rifle projectiles or spherical ones, according to the requirements of 
service. ' 

66. Without entering into a long disquisition on the subject, it is suffi- 
cient at this time to say that experienced officers, naval and military, 
earnestly desired to have such armament for reasons well understood 
and appreciated by themselves ; and, after the proposal was presented 
to the Secretary of the Navy, it was shown to Admiral Porter, who 
promptly approved of the plan and immediately wrote the following 
letter expressing his views on the subject : 

[Lett«r of Admiral Porter.] 

Offick of the Ad.miral, 

Washington^ D. C, April 5, 1872. 

57. Sir: The attention of officers in the Navy is at present drawn to the plan of Mr. 
Norman Wiard for converting our heavy smooth bores into rifled guns, at an ex- 
pense so moderate, for each gun, that the Navy can be placed in a much more ef- 
ficient position than it has been for a long time past, and with a future prospect of 
at least beinp^ able to compete with the navies of some of the smaller powers. 

58. Mr. Wiard tells me that he is in hopes that an appropriation of f40,000 will be 
made to carry on experiments with his 15-inch guns, and I sincerely trust that Congress 
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will grant the means Deoessarj to carry out these most important experiments, which, 
if they succeed, as I am quite sanguine will be the case, will save millions to the 
country hereafter. Should the plan prove successful, we shall have what no other 
nation possesses, a combined rifle and smooth-bore gun. 

59. Should the guns fail in the experiment, we should still derive important informa- 
tion frqm the trial, and shall not have expended one-tenth of the amount annually 
appropriated by the English and French Uovemmente in trials of ordnance. 

60. Hoping that yon will give your hearty support to this important matter, I remain, 
very respectfully, yours, 

DAVID R. PORTER, 

Admiral, 
Hon. James A. Garfield, 

Chairman Cwnmittee an JppropriationSy 

United States House of Representatives, 

61. Official record can be cited to show that the Admiral, if he should 

be placed in the dilemma on the eve of a naval battle making it necessary 
for him to choose whether his ships should be armed with smooth 
bores or rifles exclusively, would have decided in favor of the smooth 
bores, while he would undoubtedly have been willing to accept a bat- 
tery made up partly of smooth bores and partly of rifles, when, for such 
service as required one or the other, his armament would be reduced 
in proportion to the number of the opposite kind on board. Evidently, 
therefore, to his experienced mind, the "combined rifle and smooth- 
bore guns^' were indeed a great desideratum. 

62. The Nut Island experiments showed conclusively that the rifled 

guns were equally good smooth boi^s after the conversion, but as the 
two days' firing which demonstrated this foci are entirely left out of the 
official reports, the writer will not refer further to that part of his 
subject. 

63. The letter addressed to the Secretary of the Navy, before referred 

to, dated March 16, 1872, ended with the following paraigraphs, contain- 
ing the whole of the proposal for the Nut Island experiments. 

64. I have two Rniooth-bore ^uns of 15-inch caliber, of superior qnaUty, oasthoUow, 
and cooled from the interior, directly under the supervision of General Kodman. The 
^ns are new, and were made by the South Boston Foundry. I will rifle one of 
these gunsy furnish new wrou^ht-iron carriages for them, two wrouffht-iron plates 
for targets, 4^ inches thick, 36 inches wide, and 144 inches long each, all the neces- 
sary projectiles, both for the smooth-bore s^nd the rifle-gun, and all the implements 
required for a comparative test of the efficiency and endurance of the two guns, 
having in view besides the determination of the question as to which gives — 

65. 1st. Highest initial velocity to the shot of eqnal weight with equal charge of 
powder. 

66. HA, Longest range. 

67. 3d. Best precision aimed at the bulVs-eye of a target. 

66. 4th. Which will penetrate a 4i-inch plate with the smaUest charge of powder. 
And, 

69. 5th. Which ^11 have the greatest endurance flred with such charges as will 
give the highest velooitv to the shot from the smooth-bore gun. 

70. I will furnish all the ordnance stores above enumerated and aU the powder neces- 
sary for all the trials enumerated, together with the guns described, and conduct the 
test under the patronage of the Navy Department and the observation of such naval 
officers as you may direct to attend and record the result, for the sum of $40,000, to be 
paid to me in advance, upon my giving security satisfactory to you for the faithful 
fulfillment of the conditions of a contract which shall embrace and express all these 
terms and conditions. 

I have the honor to subscribe myself your obedient servant. 

NORMAN WIARD. 

Hon. Geo. M. Robeson, 

Secretary of the Navy, Washington, D, C, 



* The condition relating to the targets was afterwards changed by mutual agree 
ment, and targets 15 inches thick were furnished. 

S. Eep. 969 10 
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71. The Secretary wrote the foUowiug letter in response to the above 

prox)08al: 

Forty-Sboond Coxgress, Second Sessio.v. 

Letter from the Secretary of the Navy, 
Apbil 10, 1872>-R«ferTed to the Cominittee on Appropriations and ordered to be printed. 

Navy Department, 
Washington J Z>. C, April 4, 1872. 

72. Sir : I have the honor to reoommeud that an amendment be inserted in the bill 
making appropriations for the naval service for the next fiscal year, appropriating 
$40,000 to enable the department to purchase two special, large, trial guns, and to 
conduct a series of experiment-s for the purpose of determining practically whether 
the present smooth-bore guns of the Navy can be increased in efficiency and strength 
by nfliug and by the use of a new projectila, with a view of obtaining more reliable 
endurance, longer range, better precision, and a greater power of penetrating iron 
plating. 

73. A plan for this purpose has been laid before the department which is claimed to 
possess such merit that it is deemed desirable to submit it to a full and complete com- 
parative test. 

74. The sum named is, by the terms of the proposal, to cover the entire cost of the two 
new 15-inch guns necessary — one of them to be rified — together with all the project- 
iles, powder, iron plates for targets, carriages, and appliances required for the entire 
teat. 

75. The proposed expenditure is much below the usual cost attending similar experi- 
ments, and may result in enabling us to improve and utilize such of our present stock 
of guns as we may wish, at a trining outlay per gun. 

76. The importance of obtain ing for the Navy large rifled guns of great power and cer- 
tain endurance is believed to fnUy warrant the department in asking for the appro- 
priation herein recommended. 

I am, sir, very respectfully, your obedient servant, 

GEO. M. ROBESON, 
Secretary of the Navy, 

Hon. James A. Garfield, 

Chairman of the Committee on Appropriations^ House of .Rq^resentatives, 

77. And Congress promptly passed the naval appropriation, in which 
was ineladed the following : 

[General Nature. — No. 79.] 

AN ACT making appropriations for the naval service for the year endiofc June thirty, eighteen hun- 
dred and seventy-three, and for other parpoees. 

78. Be it enacted by the Senate and House of Eepresentatives of the United States of America 
in Congress assembledf That the following sums be, and they are hereby, appropriated. 

to be paid out of any money in the Treasury not otherwise appropriated, for thenayal 
service of the Government for the year ending June thirtietn, eighteen hundred and 
seventy-three, and for other purposes. 

79. To enable the Secretary of the Navy to carry on his experiments to wards convert- 
ing heavy smooth-bore guns into rifled guns, with a view to obtain U combination gun 

possessing the qualities of both smooth-bore and rifle, forty thousand dollars. 
Approved May 23, 1872. 

80. In order to avoid just cause of cavil as to the fairness of the compet- 
itive firing between the two guns, the powder for a pair of charges was 
in each case emptied from the barrels upon a wooden platform and care- 
fully mixed with a wooden shovel. Then the cartridge-bags were care- 
fully filled by alternate shovelfuls as fairly as possible to equal weights, 
and when the guns came to be fired, the inventor was stationed at the 
guns and the official inspector at the magazine. The inspector did not 
know which gun of the pair was to be first loaded, nor did the inventor, 



HEAVY OEDNANCE AND PBOJECTILES. 



147 



who directed the loading, know which of the two cartridges would be 
sent forward first. ^ 

81. Captain Truxton, referring to this in hiB report, says: " I witnessed 
the weighing of tlie powder and filling the cartridge-bags." 

82, The very beet qnality of shot procurable were provided for the 
smooth-bore gmi. They were cast in clusters in a i>erpendicnlar posi- 
tion, with ^ " sinking head," after an approved method, illustrated and 
described in the report of the Chief of Ordnance for 1880. The fol- 
lowlug cut is taken from the report, showing the form of the casting : 




83. When so cast, theballs are turned in a special lathe to exact dimen- 
sions, and the finished shot has superior density, with a smooth sur- 
face, lens hard than the skin upon a projectile cast in the ordinary man- 
ner. They are also far more costly. 

84. On the other hand, the condition of the contract and the importance 
of securing a competitive trial on exactly equal terms between the 
guns, as nearly alike as was possible, created great embarrassment on 
account of the shortness of the bearing of the rifle projectile in the 
grooves of the gun. The shot was liable to turn over in the gun, and if 
such an accident should occur during the firing, with the heavy charges 
used to test the relative endurance of the gnns, the gun would surely 
burst and thereby terminate the experiments ingloriously. In point of 
foct, one or both of the danges of every one of the distorted conical shot 
used in the rifle-gun that was recovered was found to be more or less 
broken, an example of which is shown by the following cut (see also 
cnton page 60): 
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85. So that up to the time the experiments under the appropriation ap- 
proved March 16, 1872, terminated, the smooth-bore gun had been served 
with the very best projectile procurable, and the competing rifle with 
the worst one compatible with the theory of the invention undergoing 
test. 

86. In the later contracts, under which the exx)eriments were continued 
(the relative power, initial velocity, range, precision, and endurance of 
the competing guns having been determined under such equal condi- 
tions as have ^en described), the embarrassing condition of equal 
weight between such dissimilar projectiles was omitted ; and when the 
new projectile, called the "lenticular'^ or ** mitten shot," was perfected, 
no apprehension was felt and no anomalous result waa obtained. 

87. The Army inspector present said of this new projectile : 

88. I regard the lenticular or '^ mitten" shot as the best instrument yet handled by 

artillerists for the penetration of armor plates. Its true flight and low trajectory were 
hfurd to explain. * • • xhe 15-iucn ^un has done some really admirable work. 
With a moderate charge and a heavy projectile it pierced the Prince's head target at 
a distance of 1,650 yards — a greater range against iron, so far as I can ascertain, than 
has ever before been atteuipted. * « » \Ve have now what appears to me to be 
an admirable exponent of the centering system. — From the general report of Capt. O. 
£. MichaeliS; U. S. A. 

89. The naval inspector, Capt. George Brown, said of it in his general 
report : 

90. The mitten shot has certainly shown ^reat powers of penetration when fired at 
either iron targets, thronsh hard gravel, or into the hard, distant bank. 

91. Of the mitten shot fired from the 15-inoh and 11-inch guns, none broke up in 
the guns, and of the many recovered none had failed to work properly. 

92. The Secretary of the Navy, in his response to the inquiry from 
the Naval Committee of the House of Bepresentatives, said : 

93. Besides a great amount of new and valuable information upon the subject-matter 
experimented upon, certain specific results were obtained, which illustrated the power 
of our cheap cast-iron suds nfled on the Wiard plan, and the wonderi^l penetrating 
e£fect of the projectile devised and manufactured for the experiments by him, notably 
the penetration of 15 inches of iron and a considerable depth of frozen gravel by a 
conical shot from a 15-inch gun, rifled on the Wiard plan, on the 25th of November, 
1873. 

94. The i)enetration by the Wiard mitten shot, fired on the 2d of October, 1875, of 
which the record is as follows : 

95. ** Target, five 3-inch plates, backed by sand, and three 3-inch plates laid horizont- 
ally ; shot went through all and 13 feet 11 inches of gravel." 

96. The penetration of four 3-inch plates (12 inches) of iron by the Wiard mitten 
shot from a 15-iuch Wiard rifle, at a distance of 1,650 yards (near a mile), October S3, 
1875. 

97. The penetration of 38 feet 4 inches of sand and hard gravel by a Wiard mitten 
shot fired irom a Parrott gun, rifled on the Wiard plan. 

96. The penetration of 16 inches of iron on the 22d of November, 1875, by a Wlyxl 
mitten shot from a 9-inch Parrott gun, rifled on the Wiard plan. 
99. These results are certainly very remarkable. 
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100. The official reports sbow — 

101. First. On the 28th November, 1873, the smooth bore Riin, of the 
pair mounted on Nut lalaiid at that date, was fired at an irou target 15 
inches thick, composed of 5 plates, each 3 incliet) thick, banded together 
at the top and bottom, and backe<l by frozen gravel. The target 
weighed 15,000 pounds ; the charge of jiowder 140 pounds. The pro- 
jectile was a superior spherical one and weighed 450 pounds. 

102. The shot penetrated two of the five plates [6 inches of iron] and 
lodged " literally pulverized " against the third plate, which it badly 
indented, and that was all. 

103. Second. Untbesameday the rifle gun of the same caliber, weight, 
and dimensions, mounted by its side on a like carriage, was fired at a 
target in all respects identical with the one already described. The 
projectile weighed also 450 pounds, the same as its competitor. The 
charge of powder was, as with the competing gun, 140 pounds of the 
same kind. The shot fairly went through the target (15 inchesof iron) and 
through 12 feet of frozen sand and gravel in addition. 

104. Third. The smooth-bore gun of the same pair was then fired at 
the sand and gravel butt with a spherical projectile of 450 pounds, and 
Impounds of powder, no iron target intervening. The shot penetrated 16 
feet, only four feet more than the rifle shot had penetrated after pagging 
through 15 inches of iron. 

105. Fourth, Thesmooth-boregun was then rifled Identically the same 
as its competitor, and on the 9th of October, 1875, was fired at the same 
batt, no iron target intervening, with 50 pounds of powder, and a " mit- 
ten sitot " of 525 pounds weight, and it penetrated 32 feet 8 inches, more 
than double the penetration with a charge of powder rednced nearly to 
one- third. 

106. Fifth. On the 2d October, 1875, the same gun was fired at an iron 
target 15 inches thick, composed of 5 plates, each 3 inches thick, of the 
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aggregate weight of 15,000 pounds, baudecl togetiier at the top and bot- 
tom, and backed by sand and gravel, and three 3-iQch plates laid hori- 
zontally. The charge of powder wan 70 pounds. The projectile was a 
chilled mitten nhot, of 530 pounds weight. 

107. The shot passed through the 15 iachea of solid iron and penetjsted 
14 tfeet of gravel in addition. (Capt. O. E. Michael is' report says 13 feet 
11 inches; Captain Brown's report, 14 feet.) 

108. The following illustrations drawn from photographs taken on the 
spot and at the time of the events exhibit, Arst, the target before firing, 
second, third, and fourth, the target after firing. 

109. Copies of the original photographs were forwarded to the War 
and mavy Departments, to the Ordnance Bureau of the Navy, and to 
the Army Ordnance Department. 

110. The Secretary of the Navy described this target in the follow- 
ing words : 

111. BeBJdeHagreat amouut of new and valuable informatiou upon tlie subiect-matter 
expeiimenteil upoo, certainspecific results were obtained, which illuBtrat«athe power 
of oar cheap caat-irou guns, rifled on the Wiard ulou, and the wonderful peaetratiiig 
effect of the projectile devised and mannfacturea for the eiperiinenta b; bini — nota- 
bly the peuetratiou of 16 incbea of iron and a conaiderable depth of frozen gravel by 
a conical shot from a l&-lnch gan, rifled on the Wiard plan, on tbe35thof Hoveraber, 
tH73. 

112. The penetration of the Wiard mitten8hot,Qredonthe&10clofr«r, 18T5,ofwhioh 
the record is as follows : 

113. Target, fine 3-<"bcA plalei, baclted by »aiid, and then 'S-lntA plate$ laid Aorieon tally. 
Shot went throuKU all aud 13 feel 11 inches of gravel. 

THE TAUUUl', 



114. Capt, George Brown in his report says: 
lis. On October ad the samegiin waafiredaTO-pouud ci 
hilled shut of 530 pounds, and aimed at a 15-inch iron tai 
lates, and held t^igether at the top aud bottom by wrought 
; iron plates and gravel, and distant 1^ feet 3 iuches from the gun. 
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FBONl VIEW OF TARGET AFTER FIEIMO. 



116. The aiiove picture, tflkeo five uiiimteB after the shot was flied, 
shows the perforatiou of the iroD, and the path of the shot throagh the 
sand and gravel behind the target. 

THE EFFRCT OF THE SHOT AS DESCRIBED IN THE OFFICIAL KEP0BI8. 
IFrom Capt, 0«orge Bnum'i report.] 



lis. Capt. O. E, Michaelis, U. S. A., said in his official report: 

119. The shot struck tbe center of the target with the effect Kraphically shown in 
Plates IV, V, and VI. The projectile was fonnd 13 feet II inches in gravel. The point 
of the shot was fonnd to be intact. The body was somewhat npset, and snperacinl 
cracks were risible below point at distotteil part. (See Plate VI.) The sabot^nd 
(windage-band). was forced off entirely, thoagh ita entire vie viva seems to have been 
imparted to the perforating " mitten" body. 

130. The lYont plate assembled showed the pecniiarform of the shotandthemarkBof 
thehigs. (Plates VI and VIL) 

121. And the Secretary of the Navy, in hfs repouse to inquiry by the 
HODSe Committee on Naval Affairs : " Shot went through all and 13 
feel 11 inches of gravel." 
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THE TARGET AND PEOJECTILBS. 

122. Tbie view shows the front plate, one-half of wbich had fallen for- 
vard; after it was restored to its position ; on the left the shot which 
passed through the target ; on the right a mitten shot before firing. 




BEAR VIEW OF TABGET. 

123. The English 81-ton gun required 320 pounds of powder to at- 
tain a penetration of 45 feet into a saud and ^avel butt aimilar to the 
one erected on Kut Island. 

124. On the 24th of November, 1875, an 11-inch Wiard-Parrott, com- 
bined ride and smooth-bore gun — converted fromaParrottSOO-pounder — 
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was fired »t the "butt" witb a 60-pOnDd charge of powder aud a mitten 

shot of 308 poiiDds weight. Keterriog to the resnlt, Capt . Q. E. ^chaelis, 

U. S. A., iuspector, preseut ou the part of the War Departmeut, says : 

yoremhrr SA, IWB. 

125. Gun, 11" Wiard Purrott. . 

136. Charge 60 pouDda, 0. M. Hex. 

127. Shot, SOS poDnds, lenticular (tlied oace before). 

128. Recoil, 4 feet 1 inch. 

129. Aimed at biitt; shot struck near bnlkhead, penutrating about 40 feet in gravel, 
and was removed uDinjnred. 

130. Refeiring to the same shot, Capt. George Browii says in his raport: 
ISl.Oa NoTember24tliiBguii was fired at the tiutt.the oonditioiis beingtheBameaB 
given above. The ehot was recovered iiuinjnred, baviug penetrated 40 feet into hard 
gravel. 

132. Thus it is proved that the Xut lalaud exporimeiits, condact«<l at 
the joint coat of the Government and the inventor (total coat 9269,141, 
of which the Government paid $152,000, and tlie inventor $117,111), for 
the purpose of testing improvements in ordnance — much needed — re- 
sulted in establishing wonderful gaiu of power by simple methods of ex- 
treme cheapuess and readiness of preparation, viz: From the penetra- 
tion of 6 inches of iron with a charge of 140 gpands of powder, to the 
penetration of 15 inches of iron and 14 feet of bard earth (the same 
identical gun being used in both events) with a powder charge of only 
70 pounds of powder. 

133. A like gaiu of power is shown by the penetration in hard gravel. 

134. The smooth-bore gun, with a charge of 140 pounds of powder, 
penetrated 16 feet of hard gravel. 

135. The same gun, when converted on the Wiard plan, penetrated 33 
feet 8 inches in hard gravel, with a powder charge of only 50 pounds. 

136. It is t« be noticed that all the results hereinbefore referred to are 
consisteut, and seem to preclude Mie idea that any of them wereaccideutal. 

137. They do not, however, stand alone. Other shots were fired and 
many other targets were ))enetrated even more astonishingly than is 
sh own inthe examples already described. 
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138. (>D tbe 24th of November, 1875, the 11-inch Wiard-Parrott gun 
before referred to, was flred at an iron tarset 15 inches thick, in all re- 
spects like the 15-ineh targets before described. 

139. The charge of powder was 60 pounds, and a mitten shot weighing 
308 pounds was used. The effect on tbe target is graphically shown by 
the photograph. 

140. Under a contnict dated 28th February-, 1874, the Navy Depart- 
ment put the experimenter in possession of four 8-inch Parrott rifle gnna^ 
called by the maker 200-pounders, by the Ordnance Burean ISO-pound- 
©re. 

141. The record — as fur as it is public — shows that 22 gnus of this kind 
andcaliberliadburst prematurely in battle with estretnely small charges 
of powder (16 pounds). They were essentially condemned guns. 

142. The Secretarj' of tlie Navy, in referring to the experiments under 
this contract, says: 

143. EDtertaiDin); these viewa, tbe department suggested that tbe experimeDt* 
should be coaiined to experimentB directed towards the immediate utilization of the 
great mass of rifled kuiih now on band, but unserviceable or inefficient for tbe par- 
pose of modem warfare. 

144. In entering upoicthe work under tbia contract, Irom a misunder^ 
stftoding of the directions to (be workmen at the foundry, tbe8e ganB 
were rilled with a pitch altogether too slow, and, therefore, tbe experi- 
ments, so far as attempted at long range, were not satisfactory. Bat it 
is obvious that such an error can be easily corrected in the next gaus 
which may have to be converted. 



145. The object of imparting the rotAtiug motion to a projectile by 
rifling is to secure a flight point first, or so that the longest axis of the 
projectile will coincide with the direction cl i:b flight. This object was 
not secured for Ion granges and even for short ranges ; at the near target 
it can be seen, from the shot having passed diagonally through the tar- 
get, that at the moment of striking it was iii tbe act of tumiug a som- 
ersault. This caused to make a perforation through 16 inches of iron, 
while the target was in reality only 12 inches thick. 
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14C: The Parrott 8-iucb giin converted to a 9-iiich Wiard-Parrott was 
fired on the 22d November, 1875, with 40 pounds of powder, and a "mit- 
t«n shot" of 204 pounds weight. 

147. This was the first occasion of a rifie projectile of moderate caliber 
perforating au iron target of a thickness greater than the caliber of the 
gnn in inches. 

148. In this case the thickness of iron perforated was nearly twice the 
caliber of the gun. 

149. No Bucli remarkable result can be referred to in the whole range 
of the records of ordnance experiments. 

150. The English 9-inch ^n, it is well known, is only capable of 
forcing its shot through 9 inches of iron (the tbickness of the Herenlea 
target), and thai only with 60 pounds of powder. 

161. Gapt. O. E. iUichaelis in his report says: 

IK. Fired at l!i-iuch iron targflt. Sliot peuetraled, tikiug ilia^ual downward 
course. Point nbgolately nniiijurod. ^'olHld in gravel thrpe frot behind target. Th« 
iron of tbiB target wax very tough. 



153. Capt. George Brown says: 

154. Fired at iron target 12 incbea thick. ■ • • Sliot struck fair, takjuga down' 
word dirottiou, which caused it to pass through about Hi inohea of iron. Shot was 
found 3 feet iu i-ear of target. 

155. On the 19th of November, 1876, tiie 9-inch gun was fired at the 
sand butt for penetration. The charge of powder icas 30 povndg ; the pro- 
ject ile a " mitten shot " of 203J pounds weight. 

166. The result is best described by quoting the official re^wrts. Capt. 
George Brown's report says : 

157. The velocity was 1,332 feet per necond. The xhot waa recovered, having made 
the remarkable penetration of 38 teet 4 inches iu hurd gravel, beiog found 3 feet be- 
low the original Hoil. 

158. [NoTK BY N. W.— It should be known that the originalsoi) of Nut Island, one 
foot below the surface, is an eitrenielj hanl couglnmerate of clay and water-worn peb- 
bles and bowlders. It whs found that excavations were made into it with great diffi- 
culty. ] 

169. Capt. O. E. Michaelis, in his oflBcial report, says: 

160. Shot found 38 feet 4 inches in groniid 3 feet below the original soil. 



lob HEAVY ORDNANCE AND PROJECTILES. 

THE DISTANT TARGET. 

l(il. October 23, 1875, tbe 15-inch comMned rifle and smooth-bore 
Wiard gun (being one of tbe original pair of 15-iuch guns flred at iron 
fired on the 2Slh of November, 1873, with 140 pounds of powder) was 
fired with a powder charge of 70 pounds at the great Prince's Head 
target, distant 1,650 yards [nearly a mile) from the guif. 



PBrfanrtion nf j(re«t target on Prinri-B Hiu.il, by mlrt. 
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162. This target was 15 feet Hqutire aod 12.itichee thick; its total 
weight was 96,000 pounds, and it wa« composed of 32 irou plates each 7 
feet6iucbeslong, Sfeetdincheswide; each plate weighed 3,000 pounds. 

163. The plates were of remarkable uniformity of thickness and their 
edges were planed to practical nicety of dimensions, so tbat when assem- 
bled in the mass to foi'm the target their surfaces were brought together 
in excellent comi)act contact of solid iron. 

164. In erecting the target, a good " bond," or system of '* breaking 
joints," was choseu, so that the vibrations of concussion fW>m any point of 
impact would be pretty fairly distributed thronghout its whole mass. 

165. The top of the target was firmly clamped by heavy oak timbers 
bolted together from front to rear. 

166. Thus constructed and erected, the targethad a peculiar quali^ of 
solidity without injurious tensions which wonld assist the force of the 
projectile in breaking through. At the same time it was elastic, and 
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thereby the time of the shot in passing through was extended, and to 
someektent expended in causing vibrations throughout the whole mass 
of its 96,000 pounds of iron. Thus the shot was obliged to expend 
more of its work upon the target than was necessary to merely penetrat- 
ing it. 

167. After the firing it was observed that the rear plates immediately 
behind the x)oint of impact were driven back into the hard conglomerate 
of clay and bowlders about two feet, and the point of the shot when 
recovered was found to have penetrated about three feet into the hard 
earth backing, although its base was surrounded by the fragments of 
the rear plates which it had perforated and shattered. 

168. On account of the elasticity before referred to, fully 40,000 pounds 
of front iron plates were thrown forward by the rebounding of the plates 
behind, and were scattered on the beach in front of the target, projected 
from ten to twenty feet. And every plate of the target was found to 
be more or less dislodged from its original position. The photograph 
was taken after the target was partly readjusted for the purpose. 

169. Capt. O. E. Michaelis's report describes the event as follows : 

October 23, 1875. 

170. Gun, 15-iiicli Wiard rifle. 

171. Charge, 70 pounds O. M. Hex. 

172. Shot, 531 pounds, lenticular (original model). 

173. Velocity, 1,307 feet. 

174. Elevation, 3"^. 

175. Recoil, 4 feet. 

176. Fired at the Prince's Head, 12'' target; range, 1,650 yards. 

177. The small recoil was due to a radical change in the arrangement of the snub- 

bing-ropes. 

178. The winch heads were inverted, the larger bases being outside, and the standing 
springs at the free ends were replaced by a simple wooden friction compressor carried 

by the carriage, 

179. Plate VIII shows the Prince's Head target. 

180. The shot struck exactlv the point aimed at, about 18 inches from bottom of 
right-hand oenter-plate, 28 incnes to right of left ed^, and 6 feet below center line of 
target, penetrating the four plates, though sticking in the fourth plate. 

181. The sabot part came off; the sound was musically steady, note clear, uniform, 
and sustained. Tne shot struck fairly point foremost. The penoration in front plate 
showed the form of the shot, and was about of this shape : 




182. The corresponding dimensions of shot were 15^'' and 9'. The fourth plate was 
completely shattered. 

183. The target was described in the report of Captain Brown as 
follows: 

184. On September 16 the firing at the iron target on Prince's Head was commenced. 

185. This target was distant 1,S0 yards from the gun, and was 12 inches thick, with 
a £ace 15 feet square. It was composed of 4 layers of 3-inch plates, each 7 feet 6 inches 
long and 3 feet 9 inches wide. For a backing a smooth-faced excavation was made in 
the very hard bank. The plates were placed one edge on the other, breaking joints, 
and being inclined at an angle of 27 degrees from the nerpeudicular ; were supported 
by their own weight and clamped together at the top by neavy wooden beams. 

186. And he refers to the results of the firing in another part of his 
report as follows: 

187. On October 23 this gun was fired at the iron target on Prince's Head (heretofore 
described), distant 1,650 yards. The charge was 70 pounds. The shot was a solid 
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"Mitten " chilled shot of 531 pounds. Elevation, 3 degrees. Recoil, 4 feet. Velocity, 
1,307 feet per second. 

188. The shot struck the target direct, 28 inches to the right of the center line, and 
18 inches above the lower edge of the target. The base of the shot broke off in three 
pieces on striking the target. 

189. The forward part of the shot was found wedged in the rear plate, having per- 
forated the four plates, aggregating 12 inches in thickness. All tne plates through 
which the shot passed were broken. 

190. Several remarkable shots have been omitted from the official 
record. 

191. The inventor's diary September 16, 1874, notes the following : 

192. The first shot was fired from the Wiard rifle; charge, 140 pounds of powder ; 

weight of shot (first pattern conical), 452 pounds. Time, 12.23 p. m. Velocity, 1,645 
feet. Elevation of cnassis, 7p. Elevation of fi[un, 2^. Gun trained to 30/e«t to the 
left of target on Prince's Head (1,650 yards distant). Time of flight, 3 seconds to first 
graze. 

193. To the surprise of all persons present, with the low elevation of 
2o, this shot passed over Prince's Head Island, raising a slight cloud of 
dust. Mr. Wiard crossed over, and found the shot, as it passed, had 
made a perceptible path in the grass 55 feet in length. He returned to 
Nut Island, and two additional shots were fired with same conditions, 
except for the first of the two. The elevation of the gun was reduced 
to l|o. This shot struck low, a little beyond high-water mark, on 
Prince's Head Island. The next shot with same conditions, except ele- 
vation of gun, was increased l\i^. The shot struck higher up, and with 
a ricochet passed over the island, grazing the boom of the derrick on 
the top of the bank, as it passed to the right. Time of flight of both 
the latter shots, 3^ seconds. 

194. These shots showed the flattest trajectory which can be found for 
so low elevations. Upon returning to Boston in the evening, it was 
learned, greatly to the regret of the experimenter, that the first shot 
fired on that day had passed eii ricochet through the wharf of HuU, 
and after a number of grazes in the principal street of that town (see 
cut, antCj page 66), greatly endangering life, and causing alarm to the 
inhabitants ; had continued its course through and beyond, along the 
outside sea-beach, and was picked up at the government wharf at Point 
Allerton, 4 miles .away from the gun. It was said to have skipped 
along the water between Prince's Heiad and Hull with six grazes. It 
passed through one of the piles of the wharf cutting it in two, and that 
it rebounded from the sand between Hull and Point Allerton twelve 
times ', thus making the most remarkable range of 4 miles, with two 
degrees of elevation to the gun, and meeting obstruction by grazing the 
water, the wharf, and the sand at every rebound. 

195. For years previous to the inauguration of the Kut Island experi- 
ments the favorite theory of official ordnance autliorities. to account for 
the bursting of cannon of large caliber had been to attribute enormoos, 
erratic, and unexpected pressures to the gases of gunpowder. 

196. The fact was overlooked that no higher velocity to the shot was 
attaine<l when the Eodman pressure instrument indicated 160,000 pounds 
pressure to the square inch' on the interior of the chamber of the gun 
with a 50pound charge of the common mammoth powder, gave no higher 
velocity to the shot of 450 weight than was given by the same number 
of pounds of powder to the charge, to a projectile of the same weight 
fired from the same day when the indicated pressures were no higher than 
tO,000 pounds. 

197. It was a very convenient theory, but not logical; and whenever 
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a gun burst, even if the pressures were not taken, it was assumed, that 
it was only an indication of a high pressure, and one of the anomalous 
results that could not be avoided. 

198. The* writer drew the attention of the Secretary of the Navy to the 
necessity of experiments to determine whether with the same gun a 
like charge of powder by weight and kind, and a like projectile of the 
same weight, the pressures would not be uniform ; and an invention was 
exhibited to him which would measure the instant pressures of powder 
in a gun the same as a steam gauge shows the pressure of steam in a 
boiler, an instrument which would eliminate all the projectile force, of 
which velocity and time of action were elements, and show the highest 
instant pressure only, not the momentum of the flowing gases. 

199. The Secretary authorized the experiment, and the '^ dynamom- 
eter" was made and tested. The following is the reporC of its trial. 
After describing the instrument, the report aays : 

200. To use this inBtrnnient it is tirst placeil in a frame fitted to hold it Hrmly on the 
weifi^hing machine, and turning on a spindle that brings the different holes succes- 
siyeiy nnder the pressnre piston. The copper specimens are put in, the indenting 
tools, then pistons, and finally the sleeves and glands are screwed into place. Any 
desired pressures are then applied to the nine different indenting tools, and the in- 
strument taken apart again. The cuts made in the copper disks are marked by 
dividers, replaced, and tne instrument put together again the same as before, ^rewing 
the gland down hand-taut upon the piston, except that a copper gas-check is put in 
the hole of the gland over the piston, and a little tallow placed over it. The shot is 
now ready for firing. Upon four separate occasions it was found that the cut made 
by applying a pressure of 27,000 pounds per square inch upon the piston-head was not 
enlarged by firing ; though frequently the cuts of pressures greater than that'were en- 
larged and always those of less pressures. 
I am, sir, your obedient servant, 

H. W. LYON, 
Lieutenantf United States Navy. 
Capt. William N. Jeffers, U. 8. N., 

Ckirf of Bureau of Ordnance, 

Xut Island eieperiments, for pressure, 

201. [Gan, 15-inob smooth-bore.— Elevation of gun, level.— Charge, 50 pounds Oriental Mammoth 
July, 1872.-~D., 1.733. — Elevation of slide, 8°. — Projectile, Wiard "Manometer;" weight, 508 
poands.— Average recoil, 12 feet 3 inches. — G-on aimed at' batt ; distance, 50 vards.— Average pene- 
tration, 12 feet. 1 



Pressures applied to indenting ' Initial 
tools by weighing machine. velocity. 



7,000 to 15,000, inclusive 
14,000 to 22,000 



Bemarks. 



20,000 to 28,000 

22,000 to 80,000 

26,000 to 34,000 
26,000 to 34,000 



25.000, 27,000, 28,000, 30,000, 34,000, 
38,000, 42,000, 46,000, 50,000. 



1051.5 
102&0 

iooa5 



088.0 

1012.0 
1081.0 
1013.0 



All initial cute enlarged alter firing. 

An enlarged ; in some cases cuts of least pressnre en- 
larged most. 

Initial out of 87,000 pounds not enlarged. A little fine 
sand bad passed up ttom fore end of snot into two cham- 
bers. 

Noticed small particles of copper ground off cuts; knife- 
edges showing side-motion of indenting tools; cut of 
27,000 not enlarged. 

Initial cut of 27,000 pounds not enlarged, though most »f 
the cuts of over 27.000 were. 

Arrangement of do srels to prevent side-motion of indent- 
ing tools. Cuts more uniiorm after firing. 

Cuts of 27,000 and upward not enlarged, except that of 
42,000, which was lengthened on one end. 



202. A modification of the manometer was proposed by the inventor, 
which was to adjust the instrument permanently in the bottom of the 
bore of the gun, as it was believed that ail the overpressures above 27,000 
pounds came from the projectile striking sideways in the gravel of the 
butt. The suggestion was not, however, acted on until the experiments 
terminated. Enough was learned, however, from the experiment to show 
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that the Bodiuau iiiBtrument was entirely unreliable, inasmncb as the 
lowest pressure indicated for the same kind of powder was 42,000 ponnds 
to the square inch, while some of the iudications with the same powder 
were as high as 85,000 pounds. 
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203. During the fall of 1875, as the Nut Island experiments were ap- 
proaching their termination, a number of the targets, such as had exhib- 
ited the remarkable power of the guns experimented with on Nut Island, 
were assembled and bolted together in frames of wood preparatory to 
transportation. 

204. It was proposed to exhibit them at the Centennial, and afterwards 
transport them to Washington, where it was arranged that they should 
be set up as trophies of the most successful and wonderful series of 
practical experiments in ordnance ever essayed; but, during the absence 
of the inventor in Japan, adverse influences hindered the carrying out 
of the project. 

205. If these targets and the guns had been publicly exhibited at Wash- 
ington, as c(5ntemplated, it is probable that Congress would not have 
appropriated the hundreds of thousands of dollars since expended for 
the procurement of officially patented guns, which have since burst 
or have failed in proof — guns made on the most senseless plans, often 
tested previously, and which have failed as often as tried, during the 
past one hundred and fifty years. 

206. With the targets, it was intended to exhibit two of the guns 
which had been fired and had "performed really admirable work.'' 

207. The one the muzzle of which is seen with the target of October 2, 
is the identical gun which fired the first shots on Nut Island in 1872; 
while it remained a smooth-bore it was fired a number of rounds w^ith 
140 pounds of powder, a few with 100 pounds, and many of 70 pounds, 
5i> pounds, and 55 i>ouuds. Afterwards, when it was converted to a com- 
bined rifle and smooth bore, one of its shots pierced the Prince's Head 
target with a moderate charge, '^striking exactly the point aimed at," 
and at a range of 1,650 yards. It penetrated 42 feet of gravel with 70 
pounds of powder, and it' it has not been destroyed since the Nut Island 
experiments terminated, it is to-day the most efficient and powerful gun 
of its weight and cost in the world. 

208. The Wiard Parrott 9-inch gun, another one it was intended to ex- 
hibit at the Centennial and afterwards remove to Washington, is also 
the most powerful and efficient gun of its weight and caliber in the 
world. 

209. Since the completion of the Nut Island experiments, the inventor, 
aided by the extraordinary practical experience gained — ^probably no 
private citizen ever before had such an opportunity — has continued his 
studies and experiments. The result has been that the best of his cre- 
ations developed while the Nut Island experiments continued are now 
entirely superseded by his later inventions, which as far excel his pre- 
vious results as his "converted gun" and the "mitten shot" excelled 
the old "smooth-bore gun" and "spherical shot." Yet, the mitten shot, 
with the system of rifling to which it wag adapted, still retains its su- 
j)eriority over all others produced and publicly tested by any one else, 
or anywhere in the world, so far as is known, with equal charge of pow- 
der, weight, and cost of gun and projectile, and caliber of gun. 

210. The Chairman. You said a while ago that the United States 
have so many guns? 

211. Mr. WiAED. They have 1,650 guns of 10 and 15 inch caliber on 
hand. 

212. The Chairman. Ofwhatkinaf 

213. Mr. Wiard. Smooth-bores — ten and fifteen inch guns. Many of 
them have not been fired. 

S. Rep. 969 11 
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214. The Chairman. Have tbese guna beeu used t 
216. Mr. WiAED. They have uf ver been flred in battle ; some of them 
have been proved by three rounds. 

216. The Chairman. Where are these guns ! 

217. Mr. WiABD. In the fort ifl cat ions and at the arsenals. 

218. The Chairman. Are tliey all snioothborel 

219. Mr. Wiabd. All smooth-bore, muzzle loading guns. 

220. The Chalrmah. Costing about how much apiecet 

221. Mr. WiABD. The 15-inch guns cost ♦6.500 apiece for the bare gaUf 
and then there are carriages, implements, projectiles, &c., for them on 
hand. The 10-inch guns cost $1,660 apiece. 



222. The Chaibhan. Cast-iron guns T 

223. Mr. AViABD. They are cast-iron guns. 

224. The Chairman. These guns, you say, can be converted by a sys- 
tem of rifling f 

226. Mr. Wiabd. If I whs about to have my life depend on the suocess 
of a 10 or 15 inch gun flred vith such charges as I flre, and I had to stand 
right by, 1 should prefer a cast-iron gun to a gun of any other material j 
and in a few days I will give you such reasons for that as will satisfy 
yon that I am right. 1 have been twenty years considering the subject. 

226. The Chaibhan. How many ot these guns did you manufacture for 
the government T 

227. Mr. Wiabd. About 10 or 12. 

228. The Chaibhan. Where are those guns that you rifled t 

229. Mr.WiABD. According to tbecontract.allthatwas left there after 
the experiments belonged to the government ; but the instant the exper- 
iments were comi)leted, and without any notice to me at all, they were 
advertised for sale at auction, and I heard on the morning of the day 
they were to be sold that a party was going down to tlie island to sell 
them. I went down with them and hastily made arrangements by which 
I bonght the targets that 1 bad prei)ared to send to the Centennial 
Exhibition, and two of the gnus, and I left those on the island. The 
balance was taken away. 

230. The Chaibman. Were the others sold! 

231. Mr. Wiabd. Everything was sold. 

232. The Chaibhan. Who bought them I 
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233. Mr. WiAKD. Junk dealers bought the old iron. , The government 
wanted to get them out of the way. 

234. The Chairman. You say the government sold them ! 

235. Mr. WiARD. The government sold them. 

236. The Chairman. To whom? 

237. Mr. WiARD. To the highest bidder; I do not remember whom. 

238. The Chairman. Sold for old iron f 

239. Mr. WiARD. They were all sold in fact and at old iron prices, and 
I bought part of them. 

240. The Chairman. Was it the Ordnance Department of the Navy 
or of the Army which did that ? 

241. Mr.WiARD. The Ordnance Department of the Navy. They were 
very bitter against me from the beginning of the experiment to the end. 

242. The Chairman. Who was the chief ortlnance officer? 

243. Mr. WiARD. Capt. William N. Jeflfers. 

244. The Chairman. Where is he now ? 

245. Mr. WiARD. He has skipped away to Europe. He was afraid I 
was going to have him prosecuted before the grand jury here for mal- 
feasance in office. 

246. The Chairman. His going away to Europe would not prevent his 
being prosecuted. 

247. Mr. WiARD. He wanted to get away, perhaps, so that he might 
have leisure to consider what to do. 

248. The Chairman. The reports from which you have read were 
made by men who were present and saw the experiments ? 

249. Mr. Wi ARD. Yes, sir ; they are on record. 

, 250. The Chairman. They reported in favor of your system? 

251. M r. WiARB. They reported the facts. 

252. The Chairman. And then the guns were sold for old iron? 

253. Mr. WiARD. Yes, sir; in spite of my protest, and that at the 
worst time in winter, when the snow was very deep, when very few 
people would go to bid. It was with the greatest difficulty that I could 
secure from the sale the instrument that I made to determine the pres- 
sure of powder, and after awhile it was concluded to take that back to 
the navy-yard. 

254. The Chairman. Who is connected with the Ordnance Depart- 
ment of the Navy now that knows anything about this ? 

255. Mr. WiARD. I suppose everybody in the Ordnance Office does. 

256. The Chairman. 1 want the name of somebody. 

257. Mr. WiARD. You will get the reports from Capt. George Brown, of 
the Navy. Captain Jeffers had the reports submitted to him, with photo- 
graphs showing all these things as I have stated them. They were sent 
to the Secretary of the Navy, the Secretary of War, and to the Army 
Ordnance Department, with the reports and photographs showing the 
guns before and after firing, the projectiles, and the targets before and 
after firing. There never was a series of experiments conducted with 
greater care. Every step of the progress was recorded in such a way 
by stenography and photography, many witnesses being present, that 
no one could doubtl 

258. The Chairman. Where is the officer who was present at the 
experiment! 

259. Mr. WiARD. I do not know. I have never seen him since that 
time. While 1 was in Japan he gave some very untruthful and disgrace- 
ful testimony before a committee of Congress. I was informed of it while 
I was there, and I wrote a letter which was published in the Boston 
Herald, of which I have a copy, charging him with doing what no gen- 
tleman would do 5 but he never replied, as far as I know. I have never 
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seen liiin since nor heard from biui. It was the determination of the 
Department to sacrifice me and prevent my guns from being adopted 
at any cost whatever. 

2GU. In one part of my contract I agreed with the Secretary of the 
Navj'^ to fire one pair of guns of each caliber rapidly for thirty rounds 
to show that it was the heating of the interior of the gun that caused 
the gun to burst rather than the pressure of the powder. That could 
be shown better by rapid firing, and I considered that it would demon- 
strate, if the guns did not burst, that they could endure an ordinary 
battle without bursting, as no rifled gun has ever yet endured the test 

• of battle firing. I got the guns and my part of projectiles ready, the guns 
mounted, and in the 

261. The Chairman. Find out where that man is. I would like to 
have him before this committee. 

262. Mr. WiARD. I have no power to bring him. 

263. The Chairman. I ask you to find out where he is. 

264. Mr. WiARD. An order communicated to him through the Secre- 
tary of the Navy would reach him. He may be on sea service ; I do 
not know. 

265. I should like to continue until I explain about this rapid firing. 
It was inserted in the contract that the Navy De])artment should furnish 
the projectiles for the gun that I was to compete with ; 1 Avas to furnish 
powder for all the guns, and projectiles for my own. I prepared the 
powder and projectiles for rapid firing, and when I was ready sent to 
the navy-yard nine miles away for projectiles. 1 did not go myself, but 
sent for them, as I was told thev were readv. Thev sent back five. Of 
course I could ^lot fire 30 rounds consecutively witli five projectiles. I 
then went to the navy-yard 5 did not fire that da^', and tried again. They 
told me 1 could not have any more than five until I bad fired the five. 
I found also that the Chief of Ordnance had given directions to the in- 
spector that he was to have a swab with a certain compound of grease and 
plumbago made, and that was to be inserted in the gun before it wap 
loaded and after, and every time the gun was fired it was to be swabbed 
out and examined, all these conditions to prevent the rapid firing of the 
gun. At Fort Fisher 46 men were killed or wounded with the same guns 
exactly ; because they were fired rapidly. I wanted to show what was the 
cause of the bursting of the guns. I had spent nearly a million of dollars 
in learning what was the cause, and 1 wanted to have everybody know it, 
but I was prevented. 

266. Mr. HUBBELL. Did the guns you fired burst ? . 

267. Mr. WiARD. No gun with my projectile ever burst. There were 
three guns burst on the island, but always with another projectile than 
my improved shot. While I was in Japan the Chief of Ordnance himself 
wrote a letter, which was entirely untrue, which was published every- 
where in Japan, which he gave to an English gunmaker, who took it with 
him and caused it to be published in Japan and China at the time I was 
negotiating with the Japanese Government for a large quantity of ord- 
nance. In that letter he stated that all of the guns fired by Mr. Wiard 

• on Nut Island had burst. The experiments were his own, and, it was not 
considered worth while to make any report. It was signed "William N. 
Jeflfers, Chief of the Bureau of Ordnance, Navy Dei>artment.'' Captain 
Jetfers did not make any report, because he feared to have a comparison 
of the results of my experiments with those being made by the Navy 
iDepartment. At the time I fired the first shot on Nut Island, on the 
I'Sth of November, 1873, our full Navy was down at Key West, watching 
the iSpanish ; and just as quick as I fired this shot Captain Jeners issued 
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an order directing the use of 100 pounds of powder in the 15-inch guns^ 
when before that the charge had only been So pounds. 

268. The Chairman. How man 3* of these guns did you fire at Xut Island t 

269. Mr. VViARD. About twelve. 

270. The Chairman. And burst three! 

271. Mr. WiARD. Yes; but no gun burst with any of my improved pro- 
jectiles. • 

272. The Chairman. Why did you tire them with unimproved projec- 
tiles? 

273. Mr. WiARD. I was firing them in competition to determine the, ad- 
vantage of the different improvements in the art of making guns, and, 
as previously stated by the terms of my first contract, the weight of the 
rifle shot had to agree with the spherical one to make the conditions 
equal for comparison. 



274. Mr. ^S^ORMAN WiARD submitted the following: 

Washington, January 5, 1883. 

THE NATIONAL DEFENSE AS DEPENDENT ON THE SOLUTION OF THE 

ORDNANCE PROBLEM. 

♦ 1883. 

It is most meet we aim us — gainst the foe. 

For peace itself; should not,' so dull a kin£;dom — 

[Though war, nor no known qnaiTel were in question.] 

lint that defenceM, musters, preparations ; 

Should hi- maintained, assemuled, and co]lect<Ml ; 

As were a war in expectation. 

King Henry V, Act II, Scene 1 V. 

In the mo«lern quick and decisive settlement of diflen^nees hy the arbitrament of arms there is not 
time for preparation after the declaration of war : and a nation may .sink beneath the powerful blows of 
a well-armea adversary in less time than it takes to roannfactni-e' a single pin. — Report 0/ tM Chief nf 
Ordnance. 

A Letter addrksskd to the Senate Select Committee on Ordnance by Normax- 

WlARD. 

Senators of the Select Committee on Ordnance: 

275. I believe it is understood by you that notwithstanding the millions 
of dollars appropriated and expended during the past thirty years by our 
ordnance authorities for the procurement of armament for the coast de- 
fense, fortifications, and naval vessels, there is not at this time a single 
cannon of commensurate power and undoubted endurance in the posses- 
sion of the government, stored in its arsenals, ready in its forts, or mounted 
on its ships of war, either smooth-bore or rifled. 

276. It is believed that a single modern iron-clad shipof-war could, 
enter anj- , even the richest, of our commercial ports, destroy public and 
private property, or put cities under contribution, and return leisurely 
afterwards with the plunder. 

277. I am aware that many profess to believe that at the occurrence- 
of invasion reliance may be placed on torpedoes, entanglements, and 
channel obstructions, if all other means fail; but the best authoritiefc^ 
agree that by means of these we can hope for no more than to hold the 
invader longer under fire of cannon at the entrances. If we have no 
powerful guns mounted, then that would give but little advantage. 
Once in; all the shots fired for the defense that miss the enemy may 
work their destructive powers in the warehouses and homes of the 
friends of the gunners who aim them. It would be better ]>erhaps to let 
the enemy have his own way in that event and at that place. 

278. As to planted torpedoes for defense. It is known that devices 
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are prepared and brought with invading ships and fleett? by which they 
may be "pulled up like cabbages.'' 

279. The wires laid for fixed electric tori)edoes may be ruptured or 
disarranged by dragging chains or grapnels across them, and advanced 
skirmishers in submarine armor may march on the bottom, covered and 
protected by the water, ahead of the invading fleet or ship, and clear 
the way by cutting wires or prematurely bursting tne mines. I saw a 
foot-race across Boston harbor between two men in submarine armor, 
running on the bottom and towing floats on the surface; both contest- 
ants made good time. Mr. Townsend, a well-known citizen of Boston, 
was one of the contestants. 

280. Protection against traveling torpedoes is now i)rovided with 
every ship of war, or may be improvised from materials on board, and the 
principle of fighting fire with fire [in respect to these], torpedoes against 
torpedoes, is now well understood, and full preparation for it is found 
in the outfit of modern ships-of-war of every nation, and even means to 
prevent the entrance of water into the ships through the wound inflicted 
on her bottom by torpedoes are available, and are also provided in ships 
liable to such assaults. Further, the chances that the unprotected in- 
vading ships vq1\ not hit the torpedo or the torpedo the ship are alto- 
gether in favor of oflfense — as witness Admiral Farragut's entrance into 
Mobile Bay — and it must be remembered that floating batteries, war- 
ships with cannon, and swift torpedo-boats could not co-operate to pre- 
vent the entrance to our harbors of a hostile ship or fleet if the bottom 
of the channel was bristling with torpedoes, as liable to destroy a friend 
as a foe; and the use of channels so obstructed for commercial pur- 
poses must be abandoned until peace is restored. 

281. It is practically conceded by all military nations having a coast 
line to defend that the surest, cheapest, most imperishable, and always 
ready means for harbor defense is to be found in cannon of larger caliber, 
long range, and sufQcieut power, so mounted, and in sutiicient numbers, 
side by side, that simultaneous volley-firing may be resorted to in all 
cases where a single shot, striking a vital part of the iron sides of the 
enemy, would not be sufficient to prevent the hostile ship from running 
her course past the shore battery. 

282. Guns on shore have the advantageof guns afloat for simultaneous 
volley-firing or salvos. The recoil of twenty broadside guns delivering 
twenty shots of an aggregate weight of no more than 14,000 pounds in 
one salvo would be sufficient to turn the ship from which they are fired 
upside down. If her met(wenter and center of weiglit were near to 
each other, she would roll over and over many times in response to such 

• an impulse. 

283. In a fort the effect would not be at all injurious, while the effect 
of the impact caused by the simultaneous striking of twenty shots, each 
weighing 700 pounds, with a velocity of 1,680 feet per second, against 
the side of an iron-clad, would be the utter destruction of the ship. 

284. Taken in connection with improvements of obvious practical util- 
ity in the projectile, a change from the lenticular to the triangular form. 
Of rifling with three grooves instead of two, and very important imi)rove- 
mentfi in the form of grain and adjustments of densities in powder, by 
which greatly reduced strain upon the gun results, together with greatly 
increased velocity and power to the projectile, with an improved form 
of cutting point, fimprovemeuts made since 1875J, which together render 
rapid firing with large guns possible, the Nut Island experiments in- 
dicate the most practical method for utilizing the guns on hand making 
each one equal to five ordinary guns for the complete arming of the 
coast defense fortifications, quickly prepared and very cheap. 



\ 
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285. At this time no nation ia in possession of cannon or the knowledge 
of how to make them of sufficient power to penetrate the iron sides of the 
thickest armor now found possible within the carrying power of ships- 
of-war, cannon which sjre at the same time capable of delivering a rapid, 
consecutive succession of projectiles without bursting the guns. 

286. As the thickness of the armor of shipsof-war has been increased 
the guns have been also enormously increased in weight, until 100-ton 
bombards have been ^rocui^ed ; and on account of this increase in weight 
the number has been necessarily reduced, until in the very best examples 
of a nvodern ship-of-war we find no more than four guns, often only two, 
form the whole armament. Thus it may happen that the whole oifen- 
eive power of a great ship-of-war, which has cost from three to five 
millions of dollars, might be rendered inoperative in one engagement, 
lasting no more than half an hour. I ask attention to the following: 

287. The admiralty have had their attention caUed to the fact that the Tvhole offen* 
sive powers of the Glatton nre dependent upon the life of two of these guns; and as 
naval warfar«) demands continuous and quick firing, it is proposed to try whether one 
of the Glatton guns will endure a whole day's practice, firing 100 rounds at a target, 
with several degrees of elevation. This may set at rest an important point, which 
has never heen settled, viz : Whether ships armed with 25-ton guns would not he dis- 
armed by their own projectiles in the midst of an ordinary naval action. — (Naval and 

Military Gazette, May 11, 1872.) 

And whether guns under coudsideratiou are of small or large caliber 
is of importance. 

288. It has been a primary principle [said Admiral Dahlgreu] in making cannon 

that the larger the caliber the greater the liability — I might almost say certainty — 
of its bursting. 

289. The practical exi)erieuce of all gun-makers goes to show that 
there is no uncertainty of endurance in small guns — only large ones 
burst; and that the strongest material does not make the strongest 
large gun, while the stronger it is the better for small guns. 

290. Theoretically, a rifled gun of small caliber, made with an interior 
steel tube, upon which a series of wide, homogeneous steel bands are 
shrunk and screwed on, one over the other, to make up a thickness of wall 
around the bore equal in aggregate thickness to the diameter of the bore 
or the caliber of the gun, provide transverse strength, ought to be and is 
more than four times as strong for actual service within its sphere as a 
cast-iron gun cast in one homogeneous mass and cooled slowly from the 
exterior of the same dimensions, if the cast iron having but one-third the 
tensile strength of the steel of which its competitor is made. But for 
such slow tiring as prevails on the firing ground (say one round every five 
minutes consecutively), if served even with moilerate charges of quick, 
burning powder and expanding projectiles, the steel gun will surely 
burst, if of [8-inch caliber or larger], before it has reached its tenth con- 
secutive round, while the cheap cast-iron rifle may endure 1,000 rounds 
with such powder, at the same rate of rapidity of repetition of fire; while 
at a some still slower rate, either gun might endure thousands of rounds. 

291. The Joint Committee on Ordnance of the Fortieth Congress had 
this seeming anomaly under consideration, and in its report said : 

• 

[Fortieth Congress, third Ae.saion Senate, Rep. Com. No. 266, page 3.] 

292. Each system of guns introduced in our service ban been subjected in proof to 
tests supposed to demonstrate beyond question its ability to perform the work re- 
quired of it, but each has failed When submitted to the real test of service. 

In the operations upon . Morris Island 22 large guns was the greatest number 
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mounted at ooe time, yet 5() in all burst during the siege, as is shown by the evidence 
of General Gillmore. 

In the attack on Fort Fisher all the Parrott guns in the fleet burst, according to the 
report of Admiral Porter. By the bursting of live of these guns at the first bombard- 
meut 4& persons were killed and wonn«led, while only 11 were killed or wounded by 
the projectiles from the enemy's guns during the attack. 

The battle of Fort Fisher was the only occasion during the war when rifled guns of 
large caliber were tired rapidly and continuously for a gi*eat numl»er of rounds. 

S&3. The failure to discover the weakness of these guns before nutting them in the 
tield or on board ship for actual service, must be attribut'ed to a defect in the system 
of proof employed.' * 

2^4. These systems appear to have been comparatively valueless, and to have proven 
little or nothing respecting the ability of the gun to perform the work expected of i$ 
in battle. 

295. The committee cannot learn that any method of proof has been practiced in the 
Army or Navy which subjects guns to the tests they must endure when first brought 
into actual combat, namely, rapid and continuous firing, with intervals only sufficient 
for loading. 

296. Excessive charges hare been used and a great number of rounds fired, but do 
attempt has been made to copy upon the proving ground the conditions existing in 
battle. 

297. In the new conditions developed by the rapid and long-continued firing in 
battle, not present during the slow and careful firing when in process of proof, it 
would seem must be found the cause of the frequent rupture of the guns. 

298. The most important new condition present during rapid fire would seem to be 
the communication of a greater amount of heat to the bore of the gun, having a ten- 
dency, by its expansive force, to aid the powder in ett'ecting a rupture. 

299. If the gun be fired rapidly, so as to allow little time for the bore to coul be- 
tween each discharge, it is believed that the heat communicated would exert a pow- 
erful expanding force ; while if there should be long intervals between the shots, even 
if the charges were excessive, sufficient heat to burst the gun might not be commn- 
nicated to the interior. 

300. In reports of ordnance officers, the eftect of unequal cooling in inauguratijag 
unfavorable tensions in a gun cast solid and cooled wholly from the outside is treated 
at length, and it is shown that fissures and ruptures have resulted from the contrac- 
tion towards the outside as the gun cooled, and it is stated that three-fifths of the 
strength of the gnu is expended in this manner, leaving only two-fifths to restrain 
the pressure of the powder. 

301. The hollow mode of ca.stiug of the Rodman system, and the band of wronght 
iron applied to the Parrott gun, were intended to utilize this force of contraction, by 
assisting the strength of the iron to restrain the pressure of the powder. It was after- 
wanls noticed that several of the Rodman guns cast h«Ilow, and cooled from the in- 
terior, burst in the foundry from the excess of this force of contraction exerted in the 
opposite direction from that before referred to. 

302. If the force with which metals contract when cooled is shown to be so potent 
as to breakthe gun from the inside when cooled from the outside, and from the outside 
when cooled from the interior, it can be seen that if the gun be in a state of tension, 
which has the tendency to compress the metal of the interior and extend the exterior, 
the heat afterwards communicated to the surface of the bore by the burning powder, 
or by friction of the moving charge, would assist the pressure of the powder to break 
the gun, especially if the gun should be fired a number of rounds in quick succession. 

303. This additional force being considered, it may be possible to determine why 
guns made of the strongest material are more liable to burst than those made of weaker 
iron, and why the accidents occur most frequently during battle, when the gun i» 
fired more rapidly than at the time of proof, when it is usually fired slowly. 

304. Forces known to be sufficient to actually break large masses of iron, sponta- 
neously, as it were, should not be overlooked while treating so intricate a subject a» 
this of heavy guns. 

305. Mr. HolTey refers to the rupture of a large mass of wrought iron prepared by Mr. 

Mallett, in England, as attributable 
to **the force of contraction from the 
center toward the exterior as the mass 
coole<l." 

Such ruptures of lar|j^e 8teamlK)at 
shafts are frequently noticed, and con- 
traction of this kind may explain the 

fissures in large wronght^iron guns 

?(4-(t...n c.r-ruiAtur« fror. .ri'-.^uiii which have beeu notiocd, as wcll as 

•«'^''* the soft and easily compressed. nature r pi„^j ,„ ,^,„ 

of the iron in the interior of the maHs of all classes of large guns. 
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300. The above part of the report of the committee it is believed was 
founded upon the testimony of the writer and upon citations from author- 
ities, &c., laid before the committee during its inquiry, as well as upon 
the results of practical experiments conducted by the writer previous to 
the examinations of the committee and during the time the inquiry 
continued. 

307. All these efforts were devoted toward the elucidation of the 
effects of unequal heating or cooling of guns, and the consequent un- 
equal expansion or contraction of the metals of which guns are made. 

308. The following extracts from a well-known authority were repub- 
lished in the report of the Senate committee, Ko. 266, Fortieth Congress, 
third session, and are a most excellent confirmation of the conclusions 
arrived at by the writer after a long-continued and costly series of prac- 
tical experiments, conducted for the sole purpose of establishing the 
cause of the uncertainty of endurance of guns of large caliber, espe. 
cially the cause of those accidents whicli occur to rifled guns of large 
caliber when fired rapidly, as in battle. 

EFFECT OF HEAT OX OrXS. 
[Extract from Mallett on Artillery.] 

• 

309. * * ♦ Applying ProfefiHorHodgkinson'H experimental results a8 to the exten> 
aibility of cast iron under strain to this reasoning, and taking the coefficient of expan- 
sion by beat for cast and wrongbt iron as the Hame for low temperatures (strictly' as 

1000893, 1000894 for temperatures under 212- ), we have the extension for cast iron 
for the square inch of section equal about ik^^oo ^^ i^^ length for each ton of load up 
to seven or eight tons, at which its elasticity be<romes pemtaueutly impaired ; that i» 
to say, when it begins to lose its form. An equal change of length is due to ti^ 
Fahrenheit in temperature. 

310. Let us now assume a G4-pound shot rammed home at 2,000^ Fahrenheit, which is 

under a white heat, and that it remains 50 seconds in the gun while the latter is be- 
ing run out and tired ; that in this interval the shot transmits -^V o^ ^^^ heat to an 
equal mass of the cold gun, and that the whole of this is operative in expanding a 
cylindric ring of a determinate thickness around the ball, then we have 

F=2ooc^25ton8 

as the mean compressive strain per H<iuare inch upon this interior ring. But as the 
ultimate cohesion of cast iron does not exceed about eight tons to the square 
inch, the actual effect upon the strength of the gun is the same as if. about three 
inches of its thickness were removed, or that an inch in thickness of its interior metal 
were removed, and a total strain of 17 tons were at the same time visited upon the 
remaining section of its thickness. At such a conjuncture, with such a steady strain 
alreadv on its metal, the gun is fired and an additional impulsive strain, equal to the 
work done in giving to the shot its initial velocity, is suddenly brought upon its 
material. 

311. This, even with the regulation reduced charge for hot shot of three-fourths the 

service charge for cold shot, is seldom less than "2^ tons on the square inch of section, 
producing from the impulsive nature of the force an extension equal to that of a 
passive strain of 5 tons. The wonder, then, is rather that any gun*st<and8 than thai 
many should burst. 

312. A train of effects quite analogous to those described are brought into operation 
in very quick firing^ whether with hot or cold shot, when the interior of the gun, contin- 

uallyreceiving fresh accessions of heat from the rapidly succeeding flashes of powder, 
is not given time to transmit it by conduction through its metAl to the exterior. The 
limit of the heat that could be conceived communicated from one discharge to the 
gun would be the whole of that generated by the ignition of the charge. Assuming 
the formula for gunpowder to be K O, NOa+ S -h C3, its atomic weight will be 135, and 
one part by weight will include 0. 1333 of carbon. Now, Andrews (Reports Brit. Assoc, 
1849) found that one part of carbon evolves as much lieat in burning aa will raise an 
equal weight of water 7900^ Cent. Hence, neglecting the sulphur, as not oxidized in 
combustion, the heat generated by the firing of any charge of powder is sufficient to 
raise the temperature of an equal weight of water 7900^ X 0.1333 = 1053^ Cent. = 1895^^.4 
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Fahrenheit, or to boil about uine times its own weight of water, or to beat about nine- 
teen times (18.945 strictly) its weight 100^ Fahrenheit. 

313. Section 95. In this case (that of heating by quick firing) the interior expanHion 
is not almost limited, as in the former, to a ring in the immediate neighborhood of the 
shot, but extends to the whole length of the chase or bore, so that the whole guu be- 
comes lengthened by the **end on" strain of its expanded interior. 

314. And in giving testimony before the Subcommittee on Appropria- 
tions of the Senate having charge of the fortification bill, January 7, 
1881, the writer said: 

315. Now, in testing guns there is a quality of test that has never been applied in 
this country or in Europe. 

316. A large proportion of all the force that has a tendency to burst a gun comes 
from the unequal heating of the gun that results from friction of the projectile as it 
passes out of the bore in perhaps the two-hundredth part of a second. 

317. All the guns that have been heretofore made by our Ordnance Department, or 
nearly all of them, have been adapted to and supplied with a kiud of projectile called 
''expanding projectiles" (patented by Capt. J. G. Butler, of the Ordnance Corps). 

318. These projectiles are made with a body of cast iron or steel, and they have a 
fiofb-metal sabot about the base, and they are inserted into the gun just in front of the 
cartridge, a position called "the seat of the shot.'' 

319. Upon the ignition of the charge they receive the impact of the tremendous 
force, which has a tendency to drive the sabftt forward, expanding it to fill the 
grooves of the gun; at the same time jamming it forward and squeezing it between 
the rigid body of the projectile and thesurface of the bore. 

320. This has the effect to enlarge or stretch the bore of the gun at the seat of the 
shot, as all the tables of enlargement which accompany the reports of inspectors of 
guns show, and thus the bore of the gun becomes a tapered tube, of largest diameter 
at the position from which the shot starts as it is being ejected from the guu by the 
tremendous forec of the exploding charge of powder, and the bore of the gun, being 
smaller toward the muzzle, the almost incompressible projectile has to be squeezed 
through the tapered tube in a fraction of a second of time. 

321. The result of the friction, in addition to the retardation of the projectile, de- 
tracting from its power, is the evolution of a large amount of heat, which, expanding 
the interior of the gun in advance of the heating of its exterior, is the principal cause 
of its bursting. 

'^, Prof. F. A. P. Barnard, of Columbia College, in a letter he was kind enough to 
write me many years ago in relation to this subject, said : *' There is no strength 
whatever which can possibly be given to a guu which the immense force arising from 
unequal expansion by heat will not be sufficient to overcome." 

32^i. It is evident that if the friction of one projectile i>assing out of the gun raises the 
temperature of the interior, and a sufficient inter\'^al should elapse before the next shot 
it would return to its normal temperature again. 

324. If two shots were fired in quick Huccession more heat would be commuuicat«d 
and retained in the interior of the gun than if only one was fired ; and if a large uum> 
ber of rounds, 30 or 40, should be tired in quick succession, with the expanding pro- 
jectiles, heat enough uiight be evolved to weld the shot to the metal of the gun or 
melt it. 

.325. Not so, however, with the Wiard shot, called " mechanical fit'' projectiles. 

326. These do not change their form in the gun or expand in the grooves, but pasa 
out with the same diameter and form they have when in.serted, as easily and freely, 
because the friction is no greater. 

327. Therefore, even if the bore should be enlarged in diameter at the seat of the shot, 
and tapere<i thereby, the effect would be to only make the shot tit more loosely iu the 
gun at that part, and slide out along the ritle grooves more easily, without any tend- 
ency whatever to uue(|^ually heat or burst the gun. 

■ 328. This is the principal feature of m^y system of rifling, and •f the projectilea 
adapted to it ; and knowing that expanding projectiles have a greater tendency to 
burst the gun under rapid firing, which my projectiles do not, I arn anxious to see the 
two systems tested by firing the guns in competition, with equal rapidity j for at least thirty 
rounds. 

329. If that test proves to he one that either or both the guns cannot stand without bursting^ 
it being the real test of battle^ is it better to find it out noic, before $140,000,000 areexpend!ed 
for a useless armament of the fortifications^ or to wait until the guu is surrounded by pat- 
riotic soldiers or citizens in actual battle array, defending their homes against an 
iuvading foe ? 
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330. The expanding projectile and' the Hynteni of rifling adopted for the Crispin 
patent ffuns are the most nnmechauical devices that ever were conceived by any per- 
son in the world for a practical purpose. 

331. The Chief of Ordnance and the Chief of Engineers were both 
present when the above statement was made to the committee, and no 
exception was taken by either of these distinguished officers. 

332. Later on in the inquiry, while I was relating to the committee 
the wondeiful effect of a 203-pound shot fired from one of the guns con- 
verted by me on Nut Island, which, with a charge of only 40 pounds of 
powder, parsed through 16 inches of iron, General Ben^t interrupted m© 
by a question, and the following colloquy took place : 

333. General Ben^t. Mr. Wiard, have you ever fired a lead .shot through iron? 

334. Mr. WiARD. No, but I have seen them fired. 

335. General Bkn^t. You see the penetrating of iron in not such a troublesome thing 
after all. I remember about twenty years ago, when I waa a very young man, a gun 

that I wa8 experimenting with, and there was a gentleman present who was very 
anxious to fire a piece of lead through iron, and finally he induced a gentleman who 
had an iron target to give him a shot. He did not expect, of course, t-nat it would do 
anything. It was a little cylinder of lead that weighed 33 pounds. I used 8 pounds 
of powder at a distance of 75 feet, I think, and I put it through 4 inches of iron with- 
out any trouble.* So, you see, the penetration of iron is not such a troublesome thing 
after all. 

336. iSenator Brck. I thought that the penetration of iron was the greatest diffi- 
culty we had with the iron-clad ships of other nation.s. 

:J37. General Bkn6t. It is. 

33d. Senator Bkck. Why do you not use lead instead of iron ? 
3.39. General Bkn^:t. It will not do at all times; it is like driving a candle through a 
pine door. (Page 18, report of te.stimony.) 

340. And again, page 38, 1 was interrupted by (Jeueral Benet. I pro- 
ceeded to say, in answer to a question by a Senator: 

*Ml. Mr. WiARr>. I have thi.<< objection. The Ordnance Office hafl never yet firotl a 
large gun rapidly. I propose to fire guns as rapidly as twice a minute. 

342. General BKN^rr. How large guns f 

^{43. Mr. WiAKD. I propose to fire a 10-inch rifle at the rate of twice a minute. I 
propose to fire a 15-inch rifle at the rate of once a minute, for 30 rounds. 

344. General Bkn^t. During the war I tried all the guns I could get— 248, 32s, and 
428. I fired them a.s rapidly as I could; I tried them when it was snowing, and I was 
walking in snow up to ray knees to see whether we could utilize these old gnus. We 
have never been able to ilo it. 

345. Mr. WiARD. It has never been tested. 

346. Greneral Bkn1^.t. Firing a gun every two minutes or twice a minute is what we 
have not been able to do satisfactorily. 

347. Now 24s, 328, and 42s are comparatively small guns; yet it can 

be seen that the Ordnance Department has never been able "to do if 
satisfactorily, or otherwise; not even "^y walking in snow up to the 
kneetf^ of the Chief of Ordnance. 

348. In giving testimony before the Subcommittee on Appropriations 

the influence exerted by official patents over the procurement of ord- 
nance was frequently alluded to, tirst, as follows : 

349. Senator Allison. Do you want us to legislate on this approiiriatiou bill upon 
that particular topic f 

350. Mr. WiARD. Yes, sir; upon that particular topic about tbe conversion of guns, 
the manufacture of four improved breech-loading twelve- inch ririe guns, and experl- 

*The United States is indebted to me for ordnance experiments, materials, labor, 
and money expended to the amount of $444,000. If General Benet will cause this 
experiment to be repeated, and if he qau again penetrate 4 inches of iron with alea4 
cylinder of 33 pounds' weight with 8 pounds of powder, I will immediately give to 
the United States a receipt in full for all that is due me. — Norman Wiard. 
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mentH. It is that I wish to address yoa about, and it liasconiiocted with it very nearly 
he 8am» thing that I presented to you once before here ; that is, the malign influence 
hat is exercised over all this subject by the fact tliat so many officers of the Ordnance 
Corps are the owners of patents, while one of thenj, who bas patents for the principal 
^uuH that are now being made, and covering their principal details, is at tbe same 
time a brevet colonel of the United States Al*my and a lieutenant colonel of the Ord- 
nance Corps. He is the constructor of ordnance, the i)re8ident of the Ordnance Board, 
and he is the colonel in charge of the ordnance agency in New York. In fact, be has 
more influence over the subject of procuring guns and experiments to determine their 
quality than the President of the United States, the Secretary of War, the Chief of 
Ordnance, Congress, and the Supreme Court of the United States, all put together; 
and yet he is the man whose guns are being taken under his own patents to the ex- 
clusion of every other kind that can be presented. 

351. Senator Allison. What is this gentleman's namef 

352. Mr. WiARD. His name is Silas Crispin. 

^^53. Senator Bkck. Is it your complaint that under this provision nobody but offi- 
cers of the Army, who are themselves to pa*s upon the experiments, will have anything 
to do with the matter; that there is no chance to have auy other guns used but those 
they themselves patent F 

354. Mr. WiARD. Just so; exactly. 

355. Senat<or Beck. If that is the complaint, it is pretty good cause of complaint, if 
it is true. 

356. Senator Allison. Allow me to ask yon right there, arc the smooth-bore gun9 
that are being converted into rifled guns, being converted at the expense of the 
government ? 

357. Mr. WiARD. Yes, sir; the government are paying five times as much as I could 
famish gnns for, and they have not one-half the power my guns have been proved by 
actual test to have. I have exhibited to you previously official reports which show 
that I have penetrated with a 9-inch gun a target of 16 inches in thickness of solid, 
iron. One of the series of experiments which I propose is to convert a 10-inch smooth- 
bore gun, the same as those being converted by the Ordnance Department on my plan, 
and set it up side by side with a Crispin converted gun, and fire them in competition 
at iron targets. I do not doubt but that my gun will easily penetrate 15 inches of 
iron. As my crun is converted at about one-tifih the cost of the Crispin gnu and is 
twice as powerful, an^d at the same time is adapted to the dimensions of tne present 
casements, and being a combined rifle and smooth-bore, the spherical projectiles on 
hand, the carriages and casemates can all be utilized. Thus, while furnishing a suf- 
ficiently powerful gun, nearly $100,000,000 can be saved to the Treasury. 

JJ58. Senator Allison. We authorized some new guns to be constructed. Are they 
being coustnicted under Crispin's patent ? 

359. Mr. WiARD. Yes; but another patent. Here it is in the list of patents: "8. 
Crispin, ordnance, January 16, 1877. '^ It is number 186,308. And here is the official 
adoption of the same gun, the breech-loader, shown by engraved drawing in the Report 
of the Chief of Ordnance for 1878, following page 378, and marked Plate 1. It has the 
official titles of the constructor of ordnance, as in the case last referred to. 

360. Senator Beck. Are we making those now f 
36h Mr. WiAKD. That is the gun. 

\¥^2. Senator Bkck. And the man who is himself determining how the money is ex- 
pended is the patentee of the gun he is himself making f 

363. Mr. WiARi>. There is the patent, and here is the adoption of it by the Chief of 
On! nance. 

364. Senator Be( k. Is that fair f 

365. Mr. WiARi). If I can read, that is the fact, and it is shown as plainly as it is 
possible to show anything. 

366. Senator Allison. That is to say, these heavy breech-loa<ling rifled guns that 
we are now authorizing to be constructed and which are being coustnicted, are under 
the patents of Mr. Crispin, and are being constructed under his direction ; do yon 
mean that ? 

367. Mr. WiARD. Undoubtedly; he is the chief constructor of ordnance. 

368. Senator Beck. And has he given a chance to other people, by test, to compete 
with him, or has he adopte<l his own without competition ? 

369. Mr. WiARD. He has adopted his own without any test. There has never been 
a gun of the kind and caliber fired, and probably never will be, because you appro- 
priated $400,000 in the same w^ords at the last session for the same kind of guns exactly, 
and you are informed now that they will not be ready for two years. TTiere has not 
been one of them fired. Now you are asked to appropriate another $400,000 to build 
the same kind of guns, and it will be four years before they are ready ; and before 
that time Colonel Crispin will invent some other gun, and these will be laid aside 
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f 

eondeiiined material, and new guns will be made on the patent. So it will be always, 
and that is jiiBt what I am here to prevent. 

370. So much for the guns. Now, the projectiles that are used in them are invented 
by an officer of the Ordnance Corps. There is a patent issued to J. G. Butler, and here 
is the official adoption of the same thin^. Here is another patent issued to J. G. Butler, 
and here is the official adoption of it in the report of the Chief of Ordnance. 

371. Senator Be( K. Are these the projectiles that are being used with that gunf 

372. Mr. WiARD. Certainly. 

373. Senator Beck. Has any other person been allowed to test projectiles in com- 
petition with these, or do you know? 

374. Mr. WiARD. I do remember seeing a report in which the Arrick projectile, which 
is just as good, has been tested, and it was tested without the presence of the inventor, 
and some little defect iu the method or some little falsity in the report made the Butler 
projectile appear to be the best. In my opinion one is just as good as the other; in 
tact, the Arrick projectile is a little the cheapest. 

37r>. Senator Bkck Are there any other patents there ? 

376. Mr. WiARD. I have with nie twenty-two, but these are the principal ones I 
wanted to show you, issued to the two officers I speak of. 

377. Senator Bkck. How many ? 

37H. Mr. WiAKD. Twenty-two' patents issued to these two officers. 

379. Senator Beck. For guns? 

380. Mr. WiARD. For material that is required by the War Department — guns, pro- 
jectiles, cartridges, pistols, and everything, all connected with ordnance. 

381. Senator Bkck. Twenty-two of them? 

382. Mr. WlARD. Twenty-two. 

38;}. Senator Bkck. Are these generally in use ? 

384. Mr. WiARD, I think not. There is something curious about it. These inven- 
tions, or what profess to be inventions, are well known devices. Thev are invented and 
patented Uy other people in this and other countries. This breech- loading gun you 
are now appropriating money for is the Krupp system, with the Broadwell ring or gas 
check ; but then it \h patented in this country, and the only diflerence between the 
Crispin patent breech-loader aud the Krupp gun is that our official pirat«N use cast* 
iron outside and line inside with a tube, and then apply the Krup}) breech-loading 
arrangement with the Broadwell ring, pirated also, to it, obtain a patent by some 
underhanded process, after that they adopt it officially. 

38.5. Senator Bkck. Does the government pay these officers of the Army for their 
patents 7 

386. Mr. WiARi). I do not think that is a thing either you or I can tind out; but 
when I notice the Onlnance Department giving contract to the South Boston Iron 
Company to manufacture a gun at the price of $46,000 such as I will make for |10,000, 
it is rather fair for me to suppose that somebody is paid something or make some 
money on it. That is the highest })rice ever paid in this country for a gun. The 
Thompson gun, which has never been tested, although made under the appropriation 
of 1872, cost but 828,500. It was made by the South Boston Iron Company for this 
price, and the special plant, tools, and implements necessary for its construction ha<l 
to be provided at that time. Undoubtedly these thiui^s are now being utilized by the 
South Boston Iron Company in the bonstructiou of tne Crispin patent gun, which is 
of the same dimensions, weight, and caliber. The difference in price paid by the 
government for the two guns is signilicaut. I will make these heavy breech-loading 
guns for |10,000 apiece. 

387. Senator Allison. Twelve-inch bores ? 

388. Mr. WiARD. Yes, sir. 

389. Senator Allison. Such as are authorized in this bill? 

390. Mr. WiARi). Yes, sir; just exactly the same. 

391. Senator Allison. This is the proposition : '^And the manufacturer of four im- 

E roved breech-loading 12-iuch riHe gnns.^' The South Boston Iron Company charges 
ow much ? 

392. Mr. WiARD. Forty-six thousand dollars each. 

393. Senator Allison. And do you mean to say yon can complete one for $10,000 T 

394. Mr. WiARD. I can ; and I will, a better gun at that price, or not charge any- 
thing. 

395. Senator Allison. That particular gun ? 

396. Mr. WiARi). No; not the Crispin i>atent gun; because I do not believe it is a 
good gun; and because at that price I could not afford to pay royalty that might be 
charged under the patent. It uses an expanding projectile, and I should fear the gun 
would not endure the proof with that kind of a shot. I can make a gun for $10,000 
that will put a shot through 30 inches of iron. I think I can put it through 30 inches 
of iron. 

397. Senator Allison. How long would it take you to build one of those? 
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398. Mr. WiARD. About six months. 

399. Senator Allison. A 12-inch gan ? 

400. Mr. WiARD. Yes, sir. I have the drawings of it here attached to my propoaal. 

401. Senator Allison. Do you mean to say that yon would build a 12-inch rifled 
breech-loading gun for $10,000 that will be a better gun when completed than that 
one: is that it ? 

402. Mr. WiARD. 1 say if you will give me a contract for four guns, I will do them 
for $10,000 each. I could not go to work and fix up the machinery to make one gnn 
for that without a prospect for future orders ; but if you will give me a contract to 
make four or eight, as this bill, proposes to do for the South Boston Iron Company, I 
will do them for $10,000 each. 

403. Senator Allison. Very well ; let us go on and hear Mr. Wiard, and see what 
further he has to say. 

404. Mr. WiARD. In order to settle the matter as to whether the official constructor 
of ordnance has patents or not, and whether the guns are being made on his plans, I 
now exhibit to you a drawing, cut from the OfficicQ Gazette. It is patent No. 211,839 
dated February 4, 1879. issuerl to S. Crispin, for a lining tube for ordnance. On the 
same sheet of pi])er on which I have pasted this drawing from the official copy of the 
patent I have also pasted an engraved page from the report of the Chief of Ordnance 
for 187H. It exhibits the official adoption of this particular plan for lining guns, 
adopted by the ordnance board, evidently with the approval of the Chief of Ordnance, 
for it is in his official report^ and it is indorsed witn the engraved signature of ''8. 
Crispin, Bvt. Col., U. S. A., Lieut. Col. of Ordnance, Constructor of Ordnance." A 
casual examination of the reports of the Chief of Ordnance for each year from 1872 to 
the present time will show that a large proportion of all the money appropriated for 
ordnance experiments from that time to the present has been expended on experimentB, 
printing the voluminous reports, and engravings illustrating this system of convert- 
ing guns, and all the guns converted from 10-inch and 15-inch smooth bores from 1872 
to the present time have been converted according to this patented plan, by which 
the caliber is reduced to 8 inches, the power of tne gnn being no greater than is 
necessary to penetrate 6 inches of iron at one mile range, if so much. It is the largest 
rifle gun officially adopted for the casemates of the forts, into which no larger gun, 
on account of their ^^ confined space," can be mounted; yet many years ago it was 
decided by our ordnance authorities that no smaller gun than a 10-inch rifle would be 
effective against the iron-clads of that time. The casemate of a fort is essentially the 
foundation of the fort. If these guns, pronounced by the Chief of Ordnance, Qeiieral 
Ben^t, to be the largest that can find room in the casemates, as he stated to the Mili- 
tary Committee of tne House in giving testimony, recorded on page 91, Report H. R. 
No. 384, Forty-third Congress, first session, when at the same time he stated that a 
10-inch rifle was the smallest admissible gun, we eome to the conclusion that our ord- 
nance authorities are leading us into the difficulty. That when we have completed 
an expensive armament of guns of too little power for defense against iron-clads of 
the future, we must, uuless we can find a sufficiently powerful gun of the same dimen- 
sions, rebuild our forts, which have cost $100,000,0)00, in order to find room in the 
casemates for guns of increased size and commensurate power. Meantime it may be 
suspected, unless the cupidity of our official inventors should be satisfied, that we 
may have to renew the armament entirely w^ith guns controlled by later patents 
issued to officers of the same corps, as far behind the times in etfectiveness against 
the iron-clads of the future as the present patented armament is inadequate ior the 
penetration of the armor of the iron-clads of to-day. 

405. Senator Beck. Who is *'S. Crispin"? 

406. Mr. WiARD. I will read you who he is. I will read you all his titles: 

407. '' Sir: I have the honor to transmit herewith the following papers and plates 
to accompany your annual report for the current year, viz : 

" Very respectfully, your obedient servant, 

"S. CRISPIN, 
*' Brevet Colonel United States Army," 
*^ Lieutenant Colonel of Ordnance," 
** Chief of Ordnance Division of the AilantiCf'^ 
*^ Commanding Xeio York Agency," 
*' President of the Ordnance Board" and 
*^ Constructor of Ordnance." 
"The Chief o* Ordnance, U. S. A., 

'* Washington, D. C/' 
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408. Senator Allison. We will hear you now on that matter. 

409. Mr. WiAKi). SenatorB, when I appeared before this committee yeaterdaA' I be- 
Keyed that sufficient reference had been made to official patents and to official faihirea 
to make reliable rifle f^uns. In my commnnications and printed correapondence with 
the War Department, transmitted *^to the Benate by the Secretary of War, and referred 
to this committee, as to the official patents to which so mnch attention was given yes- 
terday, I had at the last session laid before the committee for examination twenty- 
two patents issued to two officers of the corps, with the suggestion that no other in- 
Ten tor than an official could secure proper attention to his improvements in ordnance 
while his official competitor might be, and actually was, president of the board sit- 
ting in star-chamber conclave to det'ermine upon the adoption of the device for the 
public service. That I did not magnify the wrong was abundantly proved by*the ad- 
missions of the Chief of Ordnance yesterday. 

410. The hearing before the committee was by this, to me entirely unexpected, inter- 
polation made incomplete and unsatisfactory. I was interrupted almost at the begin- 
ning of the reading of my proposal, and it is not yet before the committee. 

411. In relation to bursting guns also, I had supposed that that part of the subject 
was sufficiently disposed of by its treatment in my correspondence with the War De- 
partment before referred to — transmitted by the Secretary or War to the Senate, and 
referred to the coinmittee. 

412. In the lists of burst guns thus laid before yon, including hundreds, and every 
kind ever procured by the Ordnance Department, one that burst was the second of 
the guns converted from a 10-inch smooth-bore by lining with a tobe after Colonel 
Crispin's plan. Notwithstanding that plan was recommended so highly yesterday, 
the second gun of the kind burst, and it is shown in the reports. 

413. Oeneral BbnI&t. May I interrupt yon there? 

414. Mr. WiARD. If you please. 

415. General Bkn^t. I think your remark on that gun is misleading. That gun, in the 
first place, was not an invention of Colonel Crispin. That was a muzzle-loading gun 
It was one of two guns that were first made. Of the first two guns that were made, 
one was lined with wrought iron, the other was lined with steel ; both the wrought 
iron and the steel we had imported from England. When we came to fire the gun 
that was lined with steel, the steel tube cracknd from breech to muzzle at about the 
one hundred and fiftieth round, and we continued firing it, notwithstanding that, until 
it burst at about the four hundred and fiftieth round. The one with the wrought-iron 
tobe was fired over seven hundred roands, and it is good yet. That is the state of 
that case. It was merely what is known as the Palliser system, that the English 
Qovemment has been using for years. 

416. Mr. WiARD. And yet it is the very system on which I have shown yon Colonel 
Crispin has a patent, and it is the very system Colonel Crispin recommended to the 
Board of 1872, of which he wa« a member, and it is the very system on which they are 
converting guns. 

417. General Beni6t. Here, right before me, is the letter of Colonel Crispin to the 
Board, saying it was the Palliser system, and recommending that it be used. 

418. Mr. WiARD. But as soon as it was introduced into the military service of the 
United States he patented it. That is the whole story about that. It cannot be 
qualified in any other way except by stating that the gun lined with steel, the strongest 
material, is the one that burst. The reports show that this gun was lined with a steel 
tube (much stronger material than iron), as state<l by General Ben<St ; yet it burst. 
Gun No. 1, a weaker one, lined with an iron tube, did not burst. Every one of the 
lined guns has exhibited enlargements at the seat of the shot, which is a sure indica- 
tion of approach toward bursting. 

419. And I said: 

420. A gun and its projectile taken together form an engine as complete in all ita 
parts for the purposes for which it is created as a steam-engine for its duty. If the 
gun, or if the projectile, from bad design, material, or workmanship, should fail to per- 
form its functions properly, the engine would be inoperative equally w^hether it waa 
one or the other which failed. The powder used in the gun, like the steam in the 
other motor, forms one of the three essential elements of the construction. These 
elements must be adapted to their functions and to each other in one symmetrical 
whole, else whatever is good in one or even two of the parts may be neutralized, and 
thus render the engine ino^ierative. If the pressure of the steam should be so high as 
to burst the cylinder of the steam-engine, or break the piston, or if the piston, being 
constructed uuskillfully, should change its form, under pressure of the steam, so as 
to greatly increase the friction, or cause it to wedge or jam itself in the bore of the 
cylinder, the whole engine might be deranged thereby, or the cylinder might be en- 
larged in diameter, cracked or burst as efiectually as if only the direct pressure of the 
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«team had destroyed it. Tlie Bteam-engine lias been bo far perfected that the piaton 
makes miUioiitt o/ strokes per week for years without the slij^htest deraageuieot. The 
friction is reduced toU minimum, and the power which results from the combustion 
of the fuel is conserved, transmitted, and utilized for the performance of its allotted 
duty, an achievement of the genius of a long line of patient investigations by in* 
ventors and humble mechanics who never sought for or had education, patronage, 
place, or encouragement from public treasuries. 

421. Senator Allison. Are these smooth-bore guns sufficiently strong to endure 
this rifling in the body of the gan ? 

422. Mr. WiARD. 1 have no doubt of it whatever. It is supposed that the rifling 
weakens a gun greatly ; but it is well known to persons in the habit of estimating the 
strengtli of cylinders subject to an elastic pressure from within, that any tube closed at 
the ends and subjected to elastic pressure from within has twice the strength to resist 
transverse rupture that it has to resist longitudinal rupture. If it should burst, it 
would naturally — by elastic pressure — split lengthwise If the groove of the gnu was 
lengthwise and parallel with the axis of the bore, it would weaken it ; but as it goes 
across the axis in a spiral around the outside, it is nowhere any great distance length* 
wise of the gun in the parallel of the axis to the bore. Couseqaently it aAects the 
gun very little. 

423. Senator Allison. What is the virtue of your proceesof rilling— just what you 
have described ? 

424. Mr. WiARD. There formerly were two grooves. I now adopt three grooves. It 
is in centering the projectile in such a manner that the upsetting of the projectile whsn theforc^ 
of the powder acts against it only changes its form very slightly. If it is a spherical pro- 
jectile^ it shortens its axis, which coincides with the bore of the gun, and increases its 
diameter [see cut page 70]. « • * The fact is, that in the old method, by the up- 
setting of the shot ^hich is done in such a short space of time that it iudents the 
bottom of the gun, and does great injury to it, then rebounds and strikes the top, and 
it goes ballotting up and down until it gets to the muzzle and escapes. / adopted the 
plan of supporting the projectile centrally in thehore [see cut page 146], so that when the 
shot was inserted the body of the projectile did not touch the gun at all ; and if 
there was any upsetting it was not near the surface of the bore ; and if upset suffi> 
ciently to touch the bore it would touch it all around alike. The windage was exactly 
the same at the bottom as at the top. 

425. Senator Allison. Your system of rifling and your projectile must go hand in 
hand T 

426. Mr. WiARD. Yes. 

427. Senator Allison. That is to say you have invented a projectile which meets 
your system of rifling. The one must be a part of the other. 

428. Mr. WiARD. ft is a mechanioal-flt )>rojectile ; that is, fits into the rifle grooves, 
and has the same form when it comes out that it had whsn it went in. It does not change its 
form permanently in the gun. A projectile that does not permanently change its 
form in the gun creates no friction, and does not jam in the bore. On the contrary, 
the expanding pixijectile is liable to wedge its sabot up between the rigid body of the 
projectile and the wall of the gun, and has a great tendency to bui*st it." , 

429. It was shown plainly that the plan of the ordnance ring was to se- 
cure the introduction of the hypothetical Crispin guns into service with- 
out any test whatever. The Chief of Ordnance wa« examined on this 
point and testified: 

' 430. Senator Beck. But in what is the |400,000you are now asking to be expended ; 
in building four more guns just like the four you are working atf 

431. General Bbn^t. That is exactly it. 

432. Senator Beck. You do not propose to make any test of any other class of guns, 
except four of the same character, to make eight instead of four f 

433. General Ben^t. That is all ; we have four under contract, and four more wiU be 
eight. Then we have the other work we are carrying on. We are converting some 
of the 15-inch guns into 11, 10, and 8-inch rifles. 

434. It was a grand conception, as 2,200 guns of that caliber were re- 
quired according to the project of the ordnance ring — 2,200 guns, at 
446,000 each, $101,200,000. 

435. (J.) The statement armament of the fortifications, appended, is based on infor- 
mation received from the Chief of Engineers, and shows that the number of guns, of all 
kinds, required to arm our forts, as far as yet determined, amounts to a total of 4,181. 
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To completely arm all the forts, when the character of their armament is hereafter 
fully determined, will largely iucreast) this T<)tal. Of these 4,181 gnns, *2,H01, includ- 
ing those on hand, will he needed on the 30th next June. There are on hand, at the forts 
and arsenals, 1,659 gnns, leaving 1,142 required during the next fiscal year. (Testi- 
mony of General S. V. Beu6t, Chief of Ordnance, U. S. A., page 89, Rep. 384, H. R., 
Forty-third Congress, first session.) 

436. In ord«r to supply the armament already determined upon, 2,200 guns will be 
required. Taking the 15-inch smooth-bore gun as the basis (15-inch gun made of cast 
iron, which is the cheapest material), icith carriages and 100 rounds of ammunition, 
throwing out a good many incidentals, the cost of moving the guns, and also leaving 
out a number of flank defense howitzers, and many sea-coast mortars, and taking the 
most economical view of the case, the whole would cost the government not less than 
$33,000,000. The estimate is made on the basis of the 15-inch smooth-bores, because 
the armament is to be made up of 12-inch rifles, a far more costly gun, and of 13-incli 
smooth- bores and 10-inch rifles, which cost nearly as much. If the armament was to 
be made up of steel guns it would probably cost 8100,000,000. (Testimony of Gene- 
ral S. V. Ben^t, Chief of Ordnance, U. S. A., page 91, Rep. 384, H. R., Forty^third Con- 
gress, first session.) 

437. The price given by Krupp's agent on July 2, 1872, for a 12-inch steel gun and its 
carriage, delivered at the works iu Essen, was l|48,500 gold. An armament composed 
entirely of such guns would, it is believed, cost more than the most expensive fort of 
modern- construction. While, therefore, liberal appropriations are made annually for 
fortifications, there seems to be strong reason for appropriations of equal magnitude 
for the armament, when the fact is undeniable that a fort without its proper ai'ma- 
ment is worse than useless, an inert mass of expensive material without power of at- 
tack or defense. (Testimony of General S. V. Ben^t,page 90, Rep. 384, H. R., Forty- 
third Congress, first session.) 

438. The number of gnns which we require on the 1st of next July, on the basis of a 
15-inch gun, or its equivalent, is H63, besides 20 mortars and 634 flank defense howitzers. 
These guns, iioith their carriages and 100 rounds of ammunition for each, will cost about 
$13,000,000, and cast iron is the cheapest material for gun construction that can be 
used. (Testimony of General S. V. Ben^t, Chief of Ordnance, U. S. A., pages 91 and 
92, Rep. 3rt4, H.R., Forty-third Congress, first ses.sion.) 

439. We have actually on hand of heavy guns, such as can be used, not over four 
hundred of the largest size, out of 1,659. The largest proportion of them are 10- 
inch smooth bore«, which are cousidered too small, and which are used in casemates, 
into which the larger guns cannot he placed. As soon as a suitable rifle gun is adopted, 
these smooth- bon>s will give way, because wc<ian prohahly put a \0-inch rifle gun to 
take its place. The casemate 10-inch-smooth-hore is of no earthly use against iron-dads. 
(Testimony of General S. V. Ben^t, Chief of Ordnance, U. S. A., page 91, Rep. 375, 
H R., Forty-third Congress, first session.) 

440. Iu a memorial I presented to Congress referring to the cost of 
armament made after the model of 1874 — a cast-iron rifle of 12-inch 
caliber, at a cost of $15,000 for each gun, 1 said — 

441. To your memorialist it seems remarkable that the exact number of guns stated 

by the Chief of Ordnance to be the number required to complete the armament, at the 

price it has been estimated by him such guns will cost ^Hvith carriages and 100 projectile 

for each gun " (Appendix 3), shall amount to exactly $33,000,000, tiithout the carriages 

and p^rojcctiles. 

442. In his estimate of the number required ^'on the 30th June next," 863 in number, 
for which ^13,000,000 is required, we find also, by multiplying S6:J by $15,000, the sum is 
$12,945,000, which is about |il3,000,000, and nothing left for '' carriages and 100 project- 
iles for each gun.*^ The Chief of Ordnance further stated, that if the guns were to be 
made of steel, the cost would be $100,000,000, and it is another coincidence quite as 
remarkable that 2,200 steel Krupp guns, at $48,500 in gold, delivered at his works, Essen, 
{Russia, unthout the projectiles, should amount to ^^ about $100,000,000 '' (Memorial Am. 
Ord. Co., Senate Mis. Doc, No. 89, Forty-sixth Congress, second session.) 

443. Mr. Hunt testifies : 

444. Senator Beck. What other payments are made by the United States besid.es the 
$46,000, in the way of helping to start and the plant ? 

445. Mr. UUXT. We told the Chief of Ordnance that we could not afford to put any 
more money into the plant for the manufacture of ordnance than we had already done; 
that we haid suffered too much in that direction. 1 told him if he could guarantee 
enough work to warrant us in doing so I should be ready to do it. He said that was 

S. Kep. 969 12 
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impracticable. I then told him that if he 'would pay the cost of such tools a8 would 
he required I would agree to redeem them as fast as we had work sufficient to warrant 
US in doing so. An arrangement of that kind was agreed upon. 

446. Senator Be(:k. To what extent is money to be paid ? 

447. Mr. Hunt. I think the whole amount will be something like between $50,000 
and 160,000; that is, including the manufacture of tools of which the title is in the 
United States, but we engage to buy them back alter we have had a certain amount of 
work on them. They are the property of the United StatcH until we do redeem them. 

448. Senator Beck. So that in addition to $46,000 for each gun, we have to pay 
$50,0(H> or $6(f,000 now for tools? 

449. Mr. Hunt. Tools for us to use. 

450. Senator Beck. What is your agreement as to the amount of work that is neces- 
sary to enable you to pay it back f 

451. Mr. Hunt. The arrangement was that we should reserve a sinking fund of five 

Ser cent, on all work we did with those tools, and when the sum was sufficient to re 
eem the tools. The government should have the pay. 

452. Senator Beck. How many guns would you have to make in order to do that f 

453. Mr. Hunt. I have not gone into that calculation. I do not know. It would 
depend upon how many guns we made. 

454. Senator Beck. Would you have to make twenty ? 

455. Senator Booth. At five* per cent., 150.000 wouldVequire a million dollars' worth 
of work? 

456. Mr. Hunt. It would be something like that, perhaps more, because the cost to- 
the government is not as much as the cost of the plant. Probably it would be twenty- 
five. 

457. Senator Beck. You would have to make about twenty-five guns in order to- 
pay it back ? 

458. Mr. Hunt. In order to pay back to the government the money they have in- 
vested in those tools. 

459. Senator Beck. And if by any accident the Government of the United States 
should find that some other gun was better, or that somebody else could make it 
cheaper, that investment of $50,000 or |60,000 is lost to us ? 

460. Mr. Hunt. I do not know why they could not take their tools if they wanted to 
use them ; they would be suitable for other kinds of guns. The reason why it ia neces- 
sary to have these tools is because the guns are nmch heavier and longer than any ever 
made in this country. If the government continue to make guns of that sort these 
tools would be entirely suitable for that work, but if they should give up making 
heavy guns, of course they would not be worth anything except for old material. 

461. Senator Beck. They have paid $50,000 already. 

462. Mr. Hunt. They are to pay it as fast as the work is finished and completed. 

463. Senator Beck. Therefore, in order to make no more than the four guns we 
have four times $46,000, and $60,000 added, as the cost of four guns, if we quit there T 

464. Mr. Hunt. Yes. 

465. Senator Beck. Making each gun cost us about $61,000; is that right? 

466. Mr. Hunt. I should say so ; probably it would be about that. 

467. Senator Beck. Colonel Crispin is the chief of what ? I do not know. 

468. Mr. Hunt. He is the constructor of ordnance. 

469. Senator Beck. Is he president of the board that selected your gan? 

470. Mr. Hunt. I understand he is. Of my own knowledge, I do not know any- 
thing about the board. I have understood that he is president of the board of ord- 
nance officers who decide the kind of guns to adopt. 

471. Senator Beck. If his patent turns out to be a valid patent what would be 
about the royalty you would have to pay? 

472. Mr. Hunt. I do not know what he would charge. 

473. And General Ben^t testified : 

47i. Senator Allison. General Bendt, you say that vou are satisfied that these four 
Hwelve-incli guns that you have now contracted for will prove a success? 

475. General Ben6t. Yes, sir. 

476. Senator Alll»<on. Of course it is impossible that any of them should have 
been tested. 

477. General BenI^t. They are not made yet. 

478. Senator Allison. Have you such faith in them as to believe tliat it is wise to- 
con tract for four more f 

479. General Ben<?:t. Yes. sir. I am willing to do it and to recommend it. 

480. Senator Allis(»n. You think from fxperimeuts with other guns their success 8<^ 
nearly jwjsured that it is a wise thing to pnured with the construction of four more ? 

481. General Beni^ii. 1 should not have the ^iliglitest suggestion of a doubt about it. 
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482. After hearing the references to the malign influence of official 
patents in testimony before the Subcommittee on Appropriations, Sen- 
ate, Mr. Beck said in the hearing of the Chief of Ordnance and the 
Chief of Engineers — 

483. If we are going to expend $400,000 or any other sum for experiments I want to 
see that we get a chance for the best gun for the money. 

484. Senator Allison. I agree to that, but here is thetrouble with me : The War De- 
partment, under this W//, can make these experiments; they can, if they choose, do Just 
ivhat Mr. Wiard has projected ; or, if they cannot, I want to know why they cannot, or 
what further legislation is necessary. If they can, and will not, then it becomes neces- 
sartf for mt to provide in this hill a compulsory process; » * * ajij now I should 
like to ask Mr. Wiard 

4c^r). Senator Beck. Before you go on I want to state my difficulty. When the sundry 
civil bill was up last year, Mr. Wiard and others came before us and wanted some 
provision made in that bill whereby these experiments could be made. It was at the 
very heel of the session. We heard very remarkable statements made, which, if true, 
ought to receive attention, part of which was that the guns that were used were of 
an inferior order, and were used because they were patented by men inside the de- 
partment, who were using their own patents to the exclusion of other inventions, and 
that the board that was making up and determ ninff about these guns were either the 
inventors or the associates of the inventors; and that a fair hearing was never had 
by {inybody. because of patents inside the department. 

486. Now, if we are goin^ to spend four or five hundred thousand dollars, or any other 
sum, I protest against a nng inside of any bureau of this government running its own 
patents, and injuring the chance of the government to get the best gun because its 
oi&cers are seeking to forward inventions of their own. I do not believe in an inven- 
tor passing upon tne merits of other people's inventions in competition with his own. 
I want to know about that, and I want the department to tell us about it, because if 
half the allegations made by Mr. Wiard and others against that management be true, 
it is time we were either stopping giving them any money, or finding out some better 
way of having it expended. W^hether there is a word of truth in them I do not 
know ; but that is the point I want to ^et at, and, before appropriating in this very 
bill this money, I want to have some information that the money already voted is 
being expended by the department for the best gun, and not to promote the self-in- 
terest of men who happen to have the management of affairs. That is the whole 
theory I have about it. 

487. The above remarks by Senators having charge of the fortification 
bill which had passed the Hoase with another appropriation of $400,000^ 
for four more 12-inch improved breech-loading rifle gnns, were not reas- 
suring to the ring, and after the close of the testimony, and previous to 
reporting the bill, General Ben^t resorted to the agency of the press for 
a last word. 

HEAVY ORDNANCE FOR HARBORS— GENERAL BEN^T REPUES TO ATTACKS UPON HIB 

BUREAU— SUCCESS OF THE TWELVE-INCH GUNS. 

[By telegraph to the Tribune.] 

4w3. Washington, January 30. — The subject of heavy ^ms is still uuder consideration 
by the Subcommittee of the Senate Appropriations Committee, consisting of Senators 
Allison, Beck, and Booth. The subcommittee has given a number of hearings to per- 
sons claiming to be inventors of naval guns, who have attacked the ordnance officers 
of the government. This has necessitated a reply by the ordnance officers. The bill, 
as passed bj^ the House, appropriates money for the construction of four more twelve- 
iucn breech-loading guns of the kind now under construction for the government. 
Mr. Norman Wiard and other persons have sought to impress upon the committee the 
idea that these guns will not prove a success. 

489. In view of the attack upon the Ordnance Bureau, General Ben^t, the Chief of 
Ordnance, was visited to-night and asked to give some information in regard to the 
new l*2-inch guns. He said : ** We have four gnus uuder way now. The first gun will 
not be finished within a year, and if they want us to take that gun and fire several 
hundred rounds, the trials would occupy six months. Meanwhile, work on the other 
three guns would be stopped ; for there i^i as good reason for stopping work upon them as 
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there is for refusing to construct others of the same sort. Nooe of us have any doubt of 
their success. The system is the same as that we have alrea<ly amply tested. It is 
the Krupp system applied to a cast-iron gun. We have every reason to believe that 
our t!2-iuch riile is going to be a success, and we are wUling to stake our reputation upon 
it. These guns wore ordered to be made by Congress ; we did not propose them, but 
were perfectly willing to undertake them." General Bendt thinks that those guns 
will answer all our wants, and that the government should go ahead and arm all our 
fortifications. He says they will certainly pierce twenty-live inches of iron at a dis- 
tance of 3,000 yards, which would be enough to demolish any war ship that can cross 
the ocean. 

490. But tbe Senate committee amended the bill, nevertheless, and it 
became law with the following clause included, which was the "com- 
pulsory process'' threatened by Senator Allison: 

491. For the armament of sea-coast fortifications, including heavy guns and howitzers 
for flank defense, carriages, projectiles, fuses, powder, and implements, their trial and 
proof, and all necessary expenses incident thereto, and for machine guns, including 
the conversion of smooth-bore cannon into rifles, three hundred and twenty-fiA'e thou- 
sand dollars. And the President is authorized to select a board, to consist of one 
■engineer officer, two ordnance ofticers, and two oflicersof artillery, whose duty it shall 
be to make examinations of all inventions of heavy ordnance and improvements of 
heavy ordnance and projectiles that may be presented to them, including guns now 
being constructed or converted under direction of the Ordnance Bureau; and. tbe 
said board shall make detailed report to the Secretary of War, for transmission to 
Congress, of such examination, with recommendation as to a\ hat inventions are worthy 
of actual test, and the estimated cost of such test; and the sum of twenty-five thou- 
sand dollars, or so much thereof as may be necessary, is hereby appropriated for such 
purpose. 

BOSTON HERALD INTERVIEW WITH MR. WM. P. IIl'NT, PRESIDENT SOUTH BOSTON IRON 

COMPANY, NOVEMBER 20, 1881. 

492. We made a 12-inch breech -loading cannon and an 8-iuch one. They were made 
»fter what is known as the Crispin design. * * * We used the best imported 
steel for the work that was obtainable. The rifled tube made of wrought iron. And 
yet, when the 12-inch gun was taken to the proving grounds at Sandy Hook, after 
the firing of only a few rounds, the steel breech broke oft' at its thickest part and 
blew^ out. The 8-inch gun, made in the same way, also broke, and its breech blew 
out after firing a few rounds. This method of gun-making is a very expensive one, 
the steel breech costing enormously. * • * 

493. And in bis interview, Mr. Hunt continued in direct contradiction 
of his testimony before the committee, which was as follows: 

494. Senator Beck. I mean of that caliber ; the one you are now making. 

495. Mr. Hunt. We have made a 12-inch rifle — a muzzle-loader — of that caliber, 
which has been fired and has proved satisfactory. There is no question as far as that 
is concerned. 

In his interview he says : 

496. A series of ominous incidents have occurred in the gun tests. Tlie more or lees 

free opening of welds in every gun tested, and the demoralization of the material at the 
seat of the charge ; the cracking from breech to muzzle of the steel tube and jacket in 
one of ihe early converted guns, * * the blowing out of the tube of the 10-inch 
heavy muzzle-loading rifle at the fourth or fifth fire, through the oi)emng of a defective 
weld, * * to say uothing of the friction and the enormous power required to tear 
off the muzzle of tlie gun, the body of the gim sustaining no apparent injury ; the dis- 
continued proof of the new 12.25-tn67i rijio after 30 rounds^ through fear of a similar aod^ 
dent] the complete cracking through necessitating early rcj^air of the tube of the 11- 
inch breech-loading rifle near the seat of the gas-cheek (this gun has since burst, after 
a few additional rounds, rupturing the steel by blowing out the breech, but without 
injury to the cast iron); * * the destruction, a few days since, of the new 8-inch 
converted breech-loader by rupturing at the third fire the heavy steel jacket in its 
thickest part, the gun body, as usual, bein^ unimpaired. Such a series of accidents 
or failures cannot certainly by any ingenuity of reasoning be interpreted as compli- 
mentary to either the steel or the wrought iron, separately or in combination. ♦ • • 
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497. The 12.25-iiich rifle being the identical gun referred to in his testi- 
mony which he said had been fired and proved satisfactory. 

498. In his testimony before the committee General Ben^t said that he 
" had not the slightest suggestion of a doubt" about the success of the 
12-inch Crispin guns, yet he knew they were lined with a coiled welded 
tube. 

499. In report of 1878, page 9, the Chief of Ordnance^ General Ben<St, said of the 
coils : 

500. ** Defective welds in the coils are the only elements of weakness, but these de- 
fects are grave, as it is impossible always to detect them in the manufacture of the tubes. 

The dragging effect of the ahoty as it passes through the bore, under the great propell- 
ing force of the powder, %8 liable io pull the tube apart at a defective weld and disable the 
gun," 

501. Colonel Crispin, also, in the same volume, contribnted his testimony as to the 

failure of the linings of the same gnns so highly commended previously by General 
Ben^t and himself, as well as by Mr. Hunt, and he said in the same s^olume of the report 
of the Chief of Ordnance, page 351 : " The difficulties of securing perfect weldings in 
coiled wrought-iron tubes have led, in some instances in the history of the employment 
of linings, » » • to the d^^vehpment of grave accidents in setmeef {^) tubed heinghlown 
out and the muzzles torn off*, all from defective welds." 

502. Mr. Hunt in his interview says : 

503. * * ♦ The coiled wrought-iron tube is about the worst form to employ, since it is 
not only altogether deficient in transverse strength, but has a welded si>iral line of over 
100 feet exposedtothe action of the discharge. * « * That the employment of a coiled 
wrought-iron tube within a heavy steel * * • casting is a combination without jus- 
tification, and does violence to the well-known physical properties and characteristics 
of the metals thus combined. * * * 

504. Colonel Crispin has three patents in connection with the breech- 
loading gun — the lining tube, the gas-check or Broadwell ring, and the 
breech-receiver. As to his expectation of royalty for his invention, he 
answered, in writing, to the queries of the committee as follows: 

505. ** Regarding the question " whether or not he has any expectation that he will 
be paid in the future any royalty for the use of his patent, or if he proposes to make any 
claim in relation thereto," 1 have to state that the subject of remuneration for the 
use of the patent has not been considered by me up to the present time, nor can any 
decision from me hardly be fairly made until I am fully aware of what is regarded by 
competent authority as to what is just between myself and the United States Govern- 
ment in the premises.'' 

506. As to competent authority, the royalty for the Bodman patent was 
awarded in the following order : 

** War Department, November 16, 1859. 

507. The Ordnance Bureau will make arrangements with all the founders who are to 
make heavy ordnance for it, to have all such cannon cast hollow, after the plan 
called *' Rodman's plan/' The free use of the right to cast cannon for the land service 
after this plan will be secured by the Ordnance Bureau to each founder, by the pay- 
payment for such use for !20 per cent, on the cost of each from the appropriations for 

the armament of fortitications, to Mr. Charles Knapp, the proprietor of the patent. 
The price for the finished cannon at the foundries will remain the same as now paid. 

J. B. FLOYD, 
Secretary of War." 

(P. 552, S. Ex. Doc. 72, Thirty-seventh Congress, second session.) 

508. And the amount was 20 per cent, for Rodman's one patent. Cris- 
pin's three patents were each as much entitled to an award of 20 per cent, 
as Rodman's one. This would, if paid, make a nice little sum, being 60 
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per cent, on $101,200,000, the *'co8t of the product^ on 2,200 guns, at 
$46,000 each, or $66,000,000. Mr. Hunt testified as follows : 

509. lliis iuveution of Colonel Crispin 18 a very trifling matter. It does not afiect the 
strength of the gun. It is only a method of working it, for which he may be entitled 
to a patent. It does not affect the strength of the gun at all. I do not think the 
endurance of the gun is dependent at all on his device. 

510. Senator Beck. With whom did you make the contract f 

511. Mr. Hunt. With the Ordnance Department. 

512. Senator Beck. Who is that ? 

513. Mr. Hunt. General Ben^t. 

514. Senator Beck. You had nothing to do with the board of which Colouel Crispin ii^ 
chairman in making the contract ? 

515. Mr. Hunt. No, sir; I did not even know that board. 

516. Senator Beck. Did you make the contract yourself f 

517. Mr. Hunt. I signed the contract. 

518. Senator Beck. You as president of the comi>any signed it. Did you make the 
negotiation ? 

519. Mr. Hunt. I hiade the negotiation. I wrote the letters. It was done largely 
by coneBpondence as well as by personal interviews, and it wan done by me. 

520. Whereas an examination of the contiacts and correspondence filed 
in the ^^Betums Office" shows that the negotiation and the correspond- 
ence, mostly passed between Colonel Crispin and himself, Colonel Cris- 
pin being president of the Ordnance Board and constructor of ordnance. 

521. While the Senate subcommittee had the fortification bill, which 
afterwards became law (Public act No. 69, approved March 3, 1881), I pre- 
sented estimates for the cost of converting 1,600 of the guns on hand 
into combined rifle and smooth-bores adapted to my improved spiral 
triangular sub-caliber, centered mechanical fit projectilo^, with a cut- 
ting point and chilled, to the committee. The total cost of 1,600 guns 
so converted was only $800,000, while, as has been seen, the cost of 
2,200 Crispin guns, far less powerful for the penetration of iron defenses, 
of less range and general efficiency, being entirely without any fixed 
rate of endurance, amounted to the enormous sum of $101,200,000: 
And I asked the attention of the committee to the following statement . 

Washington, January 20, 1881. 

522. Senators : I ask your attention to the results I have heretofore obtained while 

firing ordnance converted from smooth-bore Rodman guns to ^^ combined rifle and 
smooth-bores'' by simply rifling the original bore, without lining, or reducing the 
caliber, as shown to you in my testimony. 

523. By this process of conversion the following advantages may be secured, and 

have been secured, as the result of practical experiments have demonstrated, and as the 
oflScial reports show : 

524. First. The power of the gun is more than quadrupled. 

525. Second. The cost of conversion is but one-fourth as great as by the Crispin 

patented plan or the Palliser system. 

526. Third The time required for the conversion of all the 10 and 15 inch Rodman 

guns on hand (about 1,600 in number) is immeasurably shorter— nix months instead of 
one hundred and seventy-five years. 

527. Fourth. The spherical projectiles on hand can be utilized, and for certain kinds 

of practice these are more effective than the more expensive rifle projectiles. 

528. Fifth. The capacity of the bore remaining unreduced, the advantages resulting 

from the use of powder of the improved form, with increased size and density of grain, 
can be better secured. 

529. Sixth. The gun will have better endurance. 

530. Seventh. The guns by this mode of conversion become combined rifle and 

smooth-bores, and are adapted to the lenticular or spiral, triangular, sub-caliber, 
mechanical fit, centered projectiles, and also to the spherical kinds. 

531. Eighth. The gun by this mmle of conversion is not injured for the other mode of 

conversion, patented by Colonel Crispin, nor for another mode of conversion and man- 
ner of mounting, invented by myself, by which its power can again be greatly in- 
creased, and the rapidity of fire and power in foot-pounds for given time of practice 
improved and increased. 
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532. Heretofore only oue coDdition affecting the value of an armament composed of a 
llmit-ed number of guns mounted in a fort has been considered indispeDsable for de- 
fense, viz, the power of the kuus to penetrate the greatest possible thickness of iron 
armor protecting the sides of the ships of the enemy by which we may be assailed : 
•and our ordnance authorities seem to contemplate making up for the acknowledged 
alowneaa of fire or 8low repetition by each gun^ by the number ofguns estimated for, and for 
which emplacements have been provided by the engineers. Undoubtedly the ffun which 
aould deliver five equally effective shots in the same time another one delivers one, would be five 
Hmes as effective in battle as its sloiver competitor. 

533. The 15-inch long bored breech-loading gun referred to in the proposal printed 
with the testimony taken by the committee, is intended to fire five shots, while the 
*■* improved breech-loading 12-inch rifle of Colonel Crispin " delivers one! 

534. It can be seen that my gun is devised to reduce the friction of the projectile as 
it passes out of the bore as much as possible, and I do not doubt can be fired hve shots 
with its mechanical fit projectile without heating the gun as much as one shot with 
the Crispin gun, using an expanding projectile, would heat his gun : so that my gun 
would have no greater tendency to burst from ''unequal expansion of its metal,'' 
when firing so rapidly, than the Crispin gun would have when firiug at its slower 
rate. 

535. My carriage (shown by drawings which accompany my proposal) is specially 
devised to secure facility for rapid repetition of shots. By its operation, the gun is run 
forward again to the position in whicu^ being a breech-loader, its charge is inserted, 
and at which it is fired again, automatically, and in the same iim^i requir^ by the Cris 
pin gun to complete its recoil. The heavy Crispin gun then requires the utmost efifort 
of fifteen or twenty men to run it forward to its proper position for loading, by which 
much time is wasted. The operation of loading the gun cannot begiif until this labo- 
rious process of running the gun forward has been completed, thus but one-fifth of 
the number of guns are required, and but one-fourth the number of men for each of 
the reduced number of guns. 

536. Now, therefore, if it is true, as it seems to have been proven to the committee and 
assented to by Gen. Ben^t, that we can, by improving the form, density, and size of 
the ^ains of 'powder so as to adapt it to the strengtn of the material of which the 
gun is made so that the gun will not burst, *' even \fmade of cast irony-* by the force of 
the direct pressure of the powder, seonringy^at the same time, higher velocity to the 
projectile; and if we can, by reducing the friction of the projectile by making it 
slide smoothly out of the guns so that we reduce the rate of heating to less than one- 
fifth, why can we not fire five shots by the new method while one can be delivered 
after the old time-honored mode? If we can fire five times as many shots in an hour 
by the now appliances, the new gun and new projectile, and produce the new guns of 
double the power for one-fifth the price of the other, procurable, too, in the one- 
hnndredth part of the time, why should we buy five of the less effective guns instead 
of one of the cheaper ones, guns such as we can get so much quicker also ? 

537. In other words, why should the United States purchase 2,200 new guns at $46,000 
«ach, with 100 expensive projectiles and a carriage for each, besides converting 1,600 
guns on hand expensively to make up the 4,000 reported as required, at a cost of 
1157,741,950, when we can, by converting the 1,600 guns on hand, according to the 
new plan, procure more effective armament, all complete, for which the carriages and 
a part of the projectiles are already on hand, for $800,000? 

538. To the above-enumerated guns, 300 more can be added by converting the Parrott 
rifles and 8-inch guns on hand, and supplying for each gun 50 spiral triangular pro- 
jectiles and 50 spherical shells for each gun, thus making up an armament far more 
powerful and effective than the one made up of 4,000 guns, as contemplated and rec- 
ommended by the ordnance authorities. 

539. It is confidently believed that the 15-inch gun in the proposal and specification 
referred to can penetrate 30 inches of iron, at one mile range, if constructed according 
to the plan described ; and if at the first trial they should not, it is almost certain 
that by farther increase in the length of the bore (in a manner that is obvious), and 
b^ further increasing the size and density of the powder-grains (which it is also ob- 
vious can be done), the necessary power can be secured without additional strain 
upon the gun. 

540. That the l.'i-inch gun can be fired as rapidly as one round every two minutes for 
15 consecutive rounds, which rate of rapidity is five times as great as the Crispin 12- 
inch breech-loading rifle can be fired, and that it can penetrate twice the thickness 
of iron at one mile range, is not to be doubted. 

541. It is believed that it is not possible to operate a gun of the necessary length and 
capacity of bore to give so high a velocity and such great power, if mounted in the 
ordinary manner — to be elevated and depressed by turning on its trunnions. The 
recoil would be on a different plane from the plane of the bore. The recoil of my 
gun on it-s improved carriage is in the direction which coincides with the plane of the 
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bore. A mach smaller port-hole, or opening for the muzzle to protude through, i» 
therefore required for my gun than for any other in use in the United States or in 
any other service. Therefore, I do not fear competition with the Crispin gun in any 
possible modification, such as increase of length ; while to my gun there is no practi- 
cal limit to the length to which I may extend the bore by lengthening the chase, ex- 
cept the length, to which it would give no advantage in utilizing the expansion of 
the gases of slower burning powder. 

542. Besides, my projectile has a 8ub-caliher puncturing point and body, and makes its- 
hole through the target only of one- half the area of cross-section of the bore of the 
gun, and lias the very best fonu of point for penetration. For these reasons, if I 
could oifer no other, 1 would, even from a theoretical point of view, be justified in 
claiming double the work of penetration with the same caliber of gun ; or, to state 
it more correctly, the same penetration with half the charge of the same kind of 
powder. 

543. My best 10-inch riAe, converted from a 10-inch smooth-bore Rodman, will, it is 
lieved, penetrate through 22 inches of iron at one mile range ; and, it is believed, 
prove capable of delivering thirty consecutive shots in thirty consecutive minutes, 
which iafire times as rapidly as any other gun in the world can deliver bOO-pound projectiles. 
It will have the advantages claimed for the 15-inch gun within its sphere, and thus 
by the adoption of this plan of converting 1,300 gnus of those on hand of the two 
calibers, the government will be put in possession of an armament capable of deliv- 
ering 19,500 tons of projectiles an houry while the Ordnance Department armament of 
4,000 guns, at the rate of rapidity of lire attributed to the guns, can deliver hut 5,675 
tiyns of projectiles per hour. 

Very respectfully, &c., 

NORMAN WIARD. 
The Subcommittee on Appropriations, 

In charge of the fortification bill. United States Senate. 

NOEMAN WIARD'S PROPOSAL. 

Washington, D. C, January 10, 1883. 
To the Senate Select Committee on Ordnance : 

644. Norman Wiard, of Washington, D. C, party of the first part, pro- 
poses to provide armament for the sea-coast fortifications, heavy guns, 
carriages, projectiles, powder, implements, trial and proof, the neces- 
sary incidental expenses thereto, and to convert smooth-bore cannon 
into rifles, according to the terms of the foUowiug specifications, and 
for the considerations heremafter named. 

SPECIFICATION <' FOR ARMAMENT OF THE SEA-COAST FORTIFICA- 
TIONS," "HEAVY GUNS.'' 

545. First. The party of the first part will produce by conversion and 
deliver to the War Department, after trial and proof, four long-bored 
breech -loading Wiard rifled guns, converted from 15-inch smooth-bore 
Eodman guns, supplied, as hereinafter stipulated, by the War Depart- 
ment from stock on hand, in the manner it has heretofore been the prac- 
tice to supply smooth-bore guns for conversion. The plan of conver- 
sion to be followed is shown by tracings of drawings hereto attached, 
marked A and B. 

646. The drawing A shows a rifled gun of 15-inch caliber, converted 
from a 15-inch smooth-bore, and B a rifled gun of 12-inch caliber with a 
chamber converted also from a 15-inch smooth-bore. One of each kind 
will be prepared, and after trial and proof the War Department may 
elect which of the two calibers shall be adopted for the four guns to be 
converted and delivered for armament of the sea-coast fortifications in 
the fulfillment of this part of the specification. 

547. Second. The party of the first part will also produce by conver- 
sion and deliver to the War Department, after trial and proof, one long- 
bored breech -loading rifled gun, converted from a 10-inch smooth-bore 
Bodman gun supplied by the War Department. The general plan of 



HEAVY ORDSANCE AND PEOJECT1LE8. 



186 HEAVY OBDNANCE AND PEOJECTILES. 



ll\ 



vvnsnxnsnvxi 



IS 



HEAVY ORDNANCE AND PROJECTILES 



187 



conversion to be followed will be the same as shown by one of the draw- 
ings A or B, and the War Department may elect whether the rifled gun 
shall be of 10-iuch caliber when delivered, or of d-inch caliber with a 
chamber, after the trial and proof of the guns converted from 154nch 
«mooth-bores previously specified has terminated. 

548. The party making this proposal will generally follow the plan of 
conversions shown by the drawings, but that such modifications of the 
details may be adopted during manufacture, conversion, or progress of 
the trial and proofs, as in the judgment of the inventor may be deemed 
advisable. 

SPECIFICATION FOR CONVERSION OF 200 SMOOTH-BORE CANNON INTO 

RIFLES. 

549. Third. Tlie party of the first part will convert one hundred 10- 
inch smooth-bore Bodman guns, to be supplied by the War Department 
in the manner heretofore stipulated — with regard to the guns previously 
referred to — into muzzle-loading '^ Wiard combined rifle and smooth- 
bore guns," by rifling them with three grooves each, after the plan 
shown by the drawing hereto attached and marked C. These guns 
after conversion will be adapted to the dimensions of the casemates of 
the forts, the can iages, implements, and spherical projectiles on hand. 

C. 

Combined Rifle and Sniooth-Bore Gnu of 10-iuch calibre, with three grooves, adapted 

to the bayonet-pointed ^* spiral triangular'' shot. 
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650. Fourth. The party of the first part will convert fifty 15-inch Rod- 
man smooth bore guns into '^ Wiard muzzle-loading combined rifle and 
smooth-bore guns*^ of 15-inch caliber, according to the plan shown by 
drawing C, adapted to carriages and spherical projectiles on hand. 

551. Fifth. The party of the first part will convert ten Parrott lO-inch 
rifle guns into 11-inch Wiard-Parrott muzzle loading combined rifle and 
smooth-bore guns. 
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552. Sixth. The party of the first part will convert ten 8-inch Parrott 
rifles into Oiuch Wiard-Parrott muzzle-loading combined rifle and. 
Binooth-bores, by rifiing them in the same manner. 

553. Seventh. The party of the first part will convert ten Parrott 
100-ponnd rifle gnns into 7-inch Wiard-Parrottmuzzle-loading combined 
rifle and sniooth-bore t^uns. 

554. Eighth. The party of the first part will convert ten of the guns 
heretofore converted into S-inch rifles from 10-inch smooth-bores, by 
lining with a tube (after Colonel Crispin's patented plan} into 9-inch 
Wiard-Crispin muzzle- loading combined rifle and smooth-bore guns. 

655. Ninth. The party of the first part will convert ten smooth-bore 
8-inch Rodman gnns into Wiard muzzle -loading combined rifle and 
smooth-bore guns of 8-inch caliber. All the guns referred to in articles 
of specification from fifth to ninth will be adapted after conversion to 
carriages on hand and to spherical projectiles. 

SPECIFICATION FOR CARRIAGES. 

556. Tenth. Thepartyof theflrstpartwillmanufactureandsnpplyfoiir 
wrought- iron automatic carriages with all the machinery and appliances 



thereto belonging, as shown by the drawing hereto attached and marked 
D, for and adapted to the four long-bored breech-loading rifle gnns re- 
ferred to in the first article of specification in this proposal. 

557. Eleventh. Thepartyof the first part will manufacture and supply 
one wrought-iroD automatic carriage with all the machinery and appli- 
ances thereto belonging, as shown by the drawing attached hereto 
marked D, for, and adapted to, the gun referred to and described is 
article " second" of specification iu this proposal. 

558. Twelfth. Thepartyof the first part will make all the repairs, mod- 
ifications, adaptations, and additions to the carriages supplied as stipu- 
lated hereinafter by the War Department, for mounting the Thompson, 
Sutcliffe, Mann, Lyman, and Crispin gun for competitive trial and proo^ 
and set up one of the carriages on the floating battery, for the trial or 
proof of a gnu, and supply and apply the snubbing rope plan for re- 
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straining recoil, made in accordance ^yith the drawing attached hereto 
marked E, and will supply the floating battery built according to the 

E. 







design shown by the drawing attached hereto marked P, for use dur 
all the operations of trial and proof. 



SPECIFICATIONS FOR PROJECTILES. 

559. Thirteenth. The party of the first part will manufacture and sup- 
ply forty chilled iron, spiral triangular, subcaliber, centered projectiles, 

F. 




and two tempered steel punching shot, for trial and proof of each of the 
different calibers of the guns above specified ; 
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560. Fourteenth. Five spiral triangular shells for each different kind 
and caliber of gun ; and 

561. Fifteenth. Five spherical shells for each different kind and cali- 
ber of gun. 

SPECIFICATION FOR POWDER. 

562. Sixteenth. The party of the first part will furnish all the powder 
of various form, size, and density of grain required — not less than ten dif- 
ferent sizes of grain, not less than five different densities, and not less 
than four different forms of grain — with a view to adapting the powder 
to the various calibers and capacities of the bores of the guns, so far as 
practicable, to secure the highest velocity to the projectile with the least 
strain upon the gun. 

SPECIFICATION FOR IMPLEMENTS AND NECESSARY INCIDENTAL EX- 
PENSES. 

563. Seventeenth. The party of the first part will supply all the imple- 
ments required for trial and proof of the guns referred to above (except 
a Le Boulenge chronograph), batteries, conducting-wires, screens, the 

G. 
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necessary indenting instruments adapted to the different calibers ot 
guns for determining the pressure of powder, including laborers' and 
mechanics' tools, screw and hydraulic jacks, chains, rope, tackle, small 
boats, barges, and lighters, and provided for all the necessary expenses at- 
tending the procurement of transportation, labor, materials, subsistence 
and ordnance stores, including an iron target, to be composed of twenty- 
four iron plates, each to weigh about 10,000 pounds, to be each 10 feet 
long, 5 feet wide, and 5 inches thick, to be set up on the bank of the Po- 
tomac Eiver near Washington, firmly bolted together and attached to a 
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strong frame of wood, as shown by the drawing herewith, marked G. 
The aggregate weight of the iron plates of the target will be about 
240,000 pounds, and in joining them together three inches of wood will 
be sandwiched between the plates. .The target will present 300 square 
feet of front surface, of which 100 square feet will be 30 inches of solid 
iron in thickness, 100 feet 30 inches thickness, and 100 feet 10 inches 
thickness. 

SPECIFICATION FOR TRIAL AND PROOF. 

564. Eighteenth. The party of the first part will mount the guns od 
the floating battery, and subject them to trial and proof in the following 
manner, viz : one of each kind and caliber of gun referred to in this pro- 
posal will first be fired the necessary number of rounds, using its proper 
projectile, and with charges of powder, of different size^, densities, and 
form of grain, to determine which of the various kinds tried gives the 
highest velocity to the projectile, with the lowest strain upon the gun ; 
beginniug with the largest grains and greatest densities, and testing 
powder of reduced density and size of grain in succession, till the proper 
constitution of the charge is determined to the satisfaction of the in- 
ventor of the gun, or the person, or persons, who may have it in charge* 
Second. A few rounds with the selected powder and approved projec- 
tiles to determine the average initial velocity of the projectile, and it& 
average penetration in sand, gravel, or earth. Third. Not less than ten 
rounds at longer range, to determine the relative precision. Fourth. 
One, two, or more rounds at the iron target, to determine the power of 
the gun for the penetration of iron defenses, and to determine the rela- 
tive value of chilled iron and steel shot. Fifth. From two to ten rounds 
for range. Sixth. From two to ten rounds with shells of the spherical 
kind, and an equal number of rifled shells. Seventh. For " proof,'' thirty 
consecutive rounds fired with the greatest practical rapidity. A com- 
plete record of all the firing, as to initial velocity, power, range, pre- 
cision, rapidity of fire, character of powder, projectile, carriage, imple- 
ments, objective point, and general result, witnesses present, ana all the 
conditions usually recorded as fully as possible in writing, as well as by 
photography, all to be certified to officially, so that the reviewing author- 
ity and all persons interested may have frill information of the progress 
and results of trial and proof, and that all necessary and usefril informa- 
tioii may be recorded for the use of the government, and parties inter- 
este<l in ordnance. 

SPECIFICATION OF CONSIDERATION. 

565. First. The War Department, party of the second part, shall sup- 
ply all the guns and carriages specified and necessary for mounting the 
guns produced wholly or in part by conversion, for armament, and 
heavy guns, as well as those provided by conversion for trial and proof 
for armament, in the casemates or eti barbette, including " one improved 
breech-loading 12-inch rifled gun," one gun converted from a 15-inch 
Kodman smooth-bore, and two converted from 10-inch Eodman smooth- 
bores by lining with a tube, after Colonel Crispin's patented plans ^ one 
8-inch rifled breech-loader, converted from a lO-inch smooth-bore, after 
Colonel Crispin's patented plans ; one Thompson breech-loading 12-inch 
rifled gun, one Woodbridge gnu, one Sutclifre gpu, and one Mann gua, 
all of the largest calibers on hand, together with the carriages which 
have to be altered, improved, or modified, and such as may be neces- 
sary for mounting the guns, to be mounted on the floating battery for 
trial and proof. 

566. Second. The War Department .shall furnish all the projectiles of 
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^' expanding kinds" required^ and the necessary qaantity and quality of 
powder for the trial and proof of all the guns, breech and muzzle load- 
ers — other than those rifled or converted according to the Wiard sys- 
tem — in such manner as may be approved or designated by the invent- 
ors of the guns, or the War Department. 

567. Third. The War Department shall direct the board, which was to 
1)0 appointed by the President, under the act approved March 3, 1881 
(Public No. 69), or some other board satisfactory to him, to be present, 
take cognizance of, inspect and record all the supplies and the operations, 
and selection of guns to be manufactured into armament, including 
heavy guns, and guns to be converted or subjected to trial and proof; to 
take cognizance of, record and report all the operations connected with 
the production of guns, conversion of guns, carriages, projectiles, pow- 
der, implements, transportation, labor, trial and i)roof of all the guns 
and ordnance referred to in this proposal. 

568. Fourth. The War Department shall supply for use during trial 
and proof a Le Boulenge chronograph, and detail one or more api)roved 
officers to be present, to take and record the velocities of all the shots 
fired during the trial and proof. 

569. Fifth. The War Department shall give permission and authority 
to enter upon the land of the reservation at or near Fort Foote, on the 
bank of the Potomac, near Washington, for the landing of materials, 
workmen, &c., for the erection of targets, quartern, bomb-proofs, maga- 
zines, &c., and its occupation during the time of preparation for or con- 
tinuance of trial and proof, with ample time afterwards for the operations 
of removing the same, and restoring the grounds practically to their 
original condition, if necessary. 

570. Sixth. If it shall be found from an examination of the facts of the 
reports, unqualified by mere opinions, that the guns provided by the party 
of the first part are more powerful, have equal or better endurance, are 
susceptible of being fired more rapidly, and are cheaper than any others 
of like caliber submitted to trial and proof or known to the War De- 
partment, the facts shall be submitted to Congress for its information. 

571. Seventh. As a full consideration for the ordnance supplied, ma- 
terials furnished, money and labor expended by the party of the first 
part, the War Department shall cause to be paid to the party of the first 
part the sum of $300,000, which money shall be paid in the usual manner, 
as work is i)erformed, deliveries made, materials or ordnance supplied, 
or expenses incurred upon estimates ; and when the trial and proof has 
been completed, and the two hundred and five heavy guns for arma- 
ment, including converted guns, have all been delivered in accordance 
with the terms of agreement, all the balance of the aforesaid sum of 
$300,000 shall be immediately paid over to the party of the first part ; 
and, in addition thereto, the floating battery, all that is left unused and 
unexpended of targets, projectiles, implements, materials, ordnance, 
burst guns, or debris of the same, or guns and cannons converted, 
altered, or debris of the same, or provided by the party of the first part, 
shall be turned over to or remain the property of the party of the first 
part, to be used or disposed of according to his discret ion. 

Eespectfully, your obedient servant, 

NORMAN WIARD. 

572. I further propose to modify the terms of the above proposal in ac- 
cordance with a suggestion made to me by the Hon. Robert T. Lincoln, 
in December, 1881, but am willing to accept the terms of either. By 
these modifications I now propose to divide the experimental part of the 
operations under the previous proposal into four parts j with a view to ob- 
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tainjng specific results as the trial and proof progresses. So tbat one 
point of excellence of the proposed ''armament," "heavy guns," "con- 
verted guns," and ^^ ordnance^ will be fully settled and determined before 
I begin with another, or involve the government in needless expense. 

573. The first part of the experimental operations will begin with and 
include the furnishing by the party of the first i)art of powder (and the 
firing necessary to the selection of the desirable kinds to be used) in 
accordance with the terms of the original propoan I in articles 16 and 18 
for the two calibers to be tested in the first part of these experimental 
operations. 

574. The best width and depth of the grooves, together with the best 
pitch of the rifling for these calibers with the oiiginal length of bores 
unchanged. 

575. To thoroughly testing the power of the two calibers of guns re- 
ferred to, /or the penetration of iron targets and of ^^earth-icorks^ when 
converted to combined rifle and smooth-bores according to the plan 
specified in articles of specification for conversion ^^third^ and ^^fourthJ*^ 

576. To apply and test the snubbing-rope plan of restraining the recoil, 
and the test and record of the "initial velocities" of all the projectiles 
fired during this part of the experiments, with charges of powder vary- 
ing from 50 to 100 pounds (being the service and battering charges) for 
the 15inch caliber, and from 20 to 60 pounds, the corresponding charges 
for the 10-inch gun. 

577. For this part of the experiments it will be necessary that the 
party of the first part shall supply all the following in conformity with 
the terms of the specification in the original proposal, viz: 

578. ** The floating battery," of which the estimated cost is tll5, 000 

Two sections of the "iron targets," one (for the test of power of the l5-iuch 
giins) to be composed of three 5-iuch plates, 10,000 pounds each, 15 inches 
thickness of iron to be penetrated, to weigh about 30,000 pounds ; one for 
the test of power of the 10-iuch gun, to be composed of two jplates, to weigh 
20,000 pounds, assembled and set up, with strong wooden Frame and back- 
ing, as specified in the original proposal, the estimated cost of which is 7, 500 

^^ Conversion" of four guns, together with the special tools and plant re- 
quired 15,000 

The application of "the snubbing-rope plan" of restraining recoil, including 
original patterns and special appliances required for an original production 

and application 2, 500 

The experimental powder and special appliances for its production 5, 000 

**Steel," "Chilled iron," and "spherical" projectiles, with patterns, chills, 

special tools, Ac / 10, 000 

Erection, materials and labor for; the renewal and repair of the "sand butt" 5, 000 
Sufierintendence, labor, transportation, towing, photographing, and subsist- 
ence 7, 500 

Implements and uneuumerated supplies 5, 000 

Incidental 2,500 

Total \ 75,000 

579. And it will be necessary that the War Department, party of the 
second part, shall, in addition to the money consideration, deliver to 
the party of the first part the following, viz : 

580. Two 15-inch smooth-bore, nninjnr^d Hodman guns of the best 
quality. Those cast at Bouth Boston previous to 1^!^, and mounted 
in the fortifications without having been fired — guns annealed by age — 
are preferred^ and in determining what particular guns are to be 
selected the experimenter stipulates that the official record of all the 
10-inch and 15-inch guns cast at South Boston, and on hand, shall be 
open to his examination, from which, and upon an actual inspection 
of the guns, he will choose the experimental ones. 

S. Kep. 969 13 
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581. Two 10-iuch smooth-l)ore Hodman guns to be selected as above, 
and four wroughtiron carriages, two for the 15-inch guns and two for 10- 
iuch guns, one of each size to be supplied with the "pneumatic buffers'' 
for restraining the recoil, and the others, without the buffers, will be 
supplied with the " snubbing-rope plan " of restraining the recoil, as it 
is proposed to test the snubbing-rppe plan in competition with the 
"pneumatic buffers" throughout the experimental firing in this first 
part of the experiments. 

582. It is to be uoticed that the estimated cost of this first part of the 
experiments amounts to a total of $75,000. But as it is the desire of the 
party of the first part to retain in possession and ownership, after the 
experiments ai'e over, the floating battery, the special tools, patterns, 
chills, appliances, and the ordnance specified in article 7 of the proposal, 
it is proposed, in accordance with the spirit of the terms of that pro- 
posal, to deduct, therefore, from the estimated cost of this i)art of the ex- 
periments, the sum of $25,000 (which it is plainly evident is a larger 
sum than could be realized from the sale of the same at auction after 
their use during all the experimental operations). 

583. Therefore the money considerationyioT th\^ first part of the experi- 
ments which it is stipulated shall be paid by the War Department, will be 
only $50,000, which sum it is proposed shall be paid to the party of the 
first part by the Secretary of War, in the manner provided for in article 
7 on fourth page of the proposal, upon the "estimates" hereinbefore 
written, as materials or labor are furnished, ordnance supplied as speci- 
fied, expenses are incurred. 

584. After charging against each item 33^ per cent, for the ordnance, 
&c., above specified, which, as stipulated, is to be retained as the property 
of the party of the first part, in lieu of said 33^ per cent, of the cost as 
estimated, and 10 per cent, of the remainder from each payment, may 
be retained by the Secretary of War, as guarantee that the whole pro- 
gramme of experiments will be full}' and faithfully executed ; all the 
specified materials and labor furnished, ordnance supplied, and specified 
expenses incurred. And when this first part of the experimental opera- 
tions are completed, in strict accordance with the terms of this amended 
proposal, all the balance remaining unpaid and withheld, of the fiill 
sum of $50,000 in money, in addition to the supplies and ordnance left 
over and retained by the party of the first part, shall be immediately 
paid to the party of the first part by the Secretary of War, which full 
sum of $50,000 shall be accepted by the party of the first part, as the 
full money consideration for this first part of the experimental operations 
for determining the power of the two specified calibers of guns after 
conversion; the most effective of the kinds of powder tested; the best 
modification of the rifiing of the guns, and the merits of the snubbing- 
rope plan for restraining the recoil of the guns, as specified. 

585. The second part of the experiments are to be conducted for the pur- 
pose of testing, by rapid firing, the endurance of the previously specified 
two calibers of guns, 10-inch and 15-inch, after conversion, on the plan 
specified in articles 3 and 4, first page of the proposal, and for " trial 
and proof" of the 15-inch caliber by firing 500 rounds with deliberation, 
after the usual mode. 

586. The trial and proof of endurance under "rapid firing" shall be 
conducted by tiring the 15-inch gun with centered " mechanical-fit" pro- 
jectiles, of at least 500 pounds weight each, and with service charges of 
improved powder — not less than thirty consecutive rounds in sixty min- 
utes ; and the lOinch gun with centered mechanical-fit projectiles of not 
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less than 250 pounds weij^ht each, and with service charges of ]>owder, 
uot less than thirty rounds consecutively in forty minutes. 

587. For the purposes of this experiment it will be necessary for the 
War Department to supi^y one 15-inch smooth-bore Kodman gun (or two, 
if one or either caliber shall be disabled before the experiments termi- 
nate), and one 10-inch smooth-bore Eodman gun (these to be selected 
from guns on hand in the manner previously provided for), and the 
party of the first part will convert the guns to combined rifle and smooth- 
bore, according to the plans specified in articles 3 and 4 of the proposal, 
and the photographic page of drawings therewith, marked 0, and will 
supply all the necessary powder, projectiles, implements, tools, mate- 
rials, labor, transportation, &c., for all the experimental and proof-firing. 

588. Five hundred and sixty rounds, it can be seen, will be fired in car- 
rying out this part of the programme, and it is estimated that each round 
so fired will cost at least $100= $56,000. 

589. The property leftover after the experiments, which, it is stipulated, 
shall revert to and become the property of the party of the first part, 
after the trial and proof is over, as is provided for in relation to these 
items, in the first part of the experiments, will not, it is believed, sell 
at auction for more than $6,000. Therefore it is proposed that the sum 
of $50,000 shall be the price fixed for conducting this second part of 
the experiments, to be paid by the War Department to the party of the 
flrst part in the same manner as is stipulated in relation to the first 
part of these experiments, 10 per cent, as before to be reserved by the 
War Department as guarantee that the party of the first part will faith- 
fully perform all the conditions required by the programme for this sec- 
ond part of the experiments. 

590. The third part of the experimental operations shall be confined to 
the conversion, trial, and proof of power for the penetration of iron targets 
and earthworks, of two 15-inch smooth-bore Rodman guns into long- 
bore breech-loading rifled guns, such as are described in article 1 of 
the specification in the proposal, and one 10-inch gun of the kind de- 
scribed in article 2, page 1 of the proposal, and automatic carriages for 
the same, one of the guns (15-inch) to be converted to a 15-inch caliber 
rifled gun, and one to be converted to a 12-inch rifled gun as described, 
and for this part of the experimental operations one 15-inch and one 
10 inch of the automatic carriages referred to in article 10 of the speci- 
fication will be supplied by the party of the first part. 

591. An iron target composed of six iron plates, each 5 inches thick, 
10 feet long, and 5 feet wide, and one composed of four plates for the 
10-inch guns, shall be furnished and set up for the experiments as de- 
scribed; being part of the target, equal to a weight of 100,000 pounds 
described in article 17 of the specifications in the proposal of the 28th 
of March, 1881. 

592. The third part of the trial and proof will begin by experiments to 
adapt the powder to be used in these long bores and chambered guns 
to the increased cubical capacity of the bores of each, and will continue 
by a lest of the power of a 15-inch, a 12-inch, and a 10-inch, or an S-inch 
gun^ of this kind, for the penetration of iron defenses, and earth-works; 
a test of each gun for. initial velocity, range, and precision, with shot 
and shell, rifled and spherical. 

593. The average facility afforded for rapid manipulation by the auto- 
matic carriages on which the guns will be mounted will also be thoroughly 
and practically tested ; and on the completion of the trials three unin- 
jured guns, in^all respects like trial guns — one 15-inch, one 12-inch, and 
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of lO'iiich or S4nch caliber, with an automatic carriage for each — will be 
delivered to the War Department. 

594. To carry out this important third part of the experiments it will 
be necessary thattbe War Department shall supply to the party of the 
first part six 15-iuch smooth-bore Eodman guns and two 10-inch smooth- 
bore Bodman guns, to be selected by the party of the first part, in the 
manner provided for in the spef ifications for the first part of these ex- 
periments. 

595. The party of the first part will convert two of the IS-inch smooth- 
bore guns into long-bored breech-loading rifled guns for trial guns, 
and all the proof firing will be performed with these; and when the 
proof and test firing is completed, and such modifications as the result 
of the trial and proof of these have been determined on, the party of 
the fir^t part will proceed to convert the remaining four guns on the 
approved plan. These last to be simply submitted to the ordinary 
proof, for delivery to the War Department as tested but uninjured 
guns, in accordance with the terms of articles first and second of the 
proposal. 

596. The estimated cost of the conversion of these guns, eight in num- 
ber altogether, will be — 

597. At the rate of ISy'OOO per gun |40,000 

Five automatic carriages for Bame 25, 000 

100,000 pounds of iron targets, and erection of same 15, 000 

Powder and projectiles 5, 000 

Superintendence, labor, transportation, towing, photography, and subsistence . 5, 000 
Unenumerated supplies and incidental expenses \ 5, 000 

Total 95,000 

598. It is believed that the trial guns, carriages, ordnance, and unex- 
pended supplies left over, to revert to the party of the first part aft^r this 
third part of the experiments are completed, would not sell at auction 
for more than $25,000. Therefore it is proposed that the money consid- 
eration for this third part of the experiments shall be $70,000, which 
sum it is proposed shall be paid by the War Department to the party 
of the first i)art, in addition to the supplies furnished and left over, 
which become the property of the party of the first part. 

599. The* fourth part of the experimental operations is intended to in- 
clude lurnishing all the supplies and all the experimental operations 
specified in the proposal, and not provided for in the previously specified 
three parts, and for this fourth part it is proposed that the War Depart- 
ment shall pay to the party of the first part the sum of $30,000, and when 
all the four parts of the experimental operations are fully completed as 
specified, and the five guns and carriages are delivered as in the pro- 
posal, all the balances reserved and unpaid of $200,000, being the total 
cost of all the series of experiments, shall be promptly and fully paid to 
the party of the first part. 

600. This amended proposal, it is to be noticed, provides for an addi- 
tional and expensive test by firing 500 rounds fi-om a 15 inch converted 
gnn not provided for in the proposal. 

601. This is intended to be in lieu of the competition firing of the guns 
lined with a tube made after-Colonel Crispin's plan, and the Thomp- 
son, the Wood bridge, SutcM', and Maun guns, as specified in the first 
article of specification of consideration on the thiid page of the proposal. 
But as all guns lined with steel or coiled and welded tubes are now 
acknowledged failures, it is believed that the War Department do not 
desire to have these guns fired at all. Nevertheless, if the War or 
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N jivy l>e|uirtiiieut deHire to use the floating battery, the uuexpeuded 
ii-oii targets, and the appliances alreadj^ provided for competitive firing 
between any guns in possession of either department, with any of the 
Wiard guns provided for in the proposal, the party of the first part will 
cheerfully give consent to the use of any appliances in his possession at 
any i)eriod during the progress of the experiments, if the number of 
guns to be so tired shall not exceed five^ and no charge will be made 
against either department for the use of such appliances if the depart- 
ments furnish the powder and projectiles for all guns it may be proposed 
to experiment with. 

1502. If the first part of the experiments referred to in this amended 
proposal do not show that the 15-inch converted gun with its proper pio- 
jectile and a powder charge not greater than one hundred pounds is fully 
capable of penetrating lo inches of iron through and through, and the 
lOinch gun with its-proper projectiles of penetrating 10 inches of iron 
with a powder charge of 60 pounds, then the second part of the ex- 
peiiments need not be proceeded with, and no further expense need be 
incurred by the War Department on account of the proposal of the 28th 
of .March or of this amended proposal. But if the said gun should prove 
to have so much powder or more, and if during the second part of the 
experiments the endurance of the guns of 15-inch and lOiuch caliber 
should be established by the trial and proof of rapid firing, then in that 
case the Waft* Department shall put the party of the first part in pos- 
session of the 200 guns enumerated in the third, fourth, fifth, sixth, 
seventh, eighth, and ninth articles of specification in the first and second 
pages of the printed proposal, and the party of the first part shall pro- 
ce^ to convert them as therein proposed in lot« of 20 guns each, and 
the War Department shall pay to the ])arty of the first part for such 
conversion, at the rate of $500 per gun, promptly upon the completion 
and delivery of each lot of 20 guns so converted, until all the 200 guns 
are converted and paid for, and the Secretary of War shall recommend 
to Congress an appropriation of $800,000 for the conversion of 1,600 of 
the additional guns on hand at the sam«^ price, viz, $500 per gun. 

60.'^. But if either of such guns should burst during the trial and proof 
of rapid firing dunng the progress of the second part of the experimental 
operations, then the Secretary of War may cause the further progress 
of experimental operations to cease before proceeding to the third part 
of the experiments, and no further expense against the War Department 
shall be incurred. 

604. But if the first, second, and third parts of the experimental opera- 
tions should all prove successful as showing the stipulated power and 
endurance of the various guns, and if the third part of the experiments 
shall show that the long-bored breech-loading gun converted from 15- 
jnch smooth- bores shall prove to have power to penetrate 25 inches of 
iron or more, and if the long-bored breechloader converted from a lO- 
iuch smooth-bore shall prove to have power to penetrate 20 inches of 
iron of the target, then in that case the fourth part of the experiments 
shall be proceeded with on the terms proposed. 

605. All the practical operations connected with the experiments, from 
first to last, are to be conducted openly on the Potomac River, or its 
banks, near Washington, as at first proposed, andunder the observation 
of such officers as the Secretaries of War and the Navy may detail to be 
present, witness the experiments, and record the results. But "it is 
stipulated that such officers" "are not to interfere with the experimentor 
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not even by advice." He is to be resj^onsible to the Secretary of War 
alone. 

Respectfully, vour obedient servant, 

NORMAN WFARD. 

606. Mr. Wiard submitted, as explaining why the Getty Board did net 
report in his favor, the following letter: 

[Copy.] 

312 Sixth Street Northwest, Washington, 

July 12, ISSl. 

Hon. Robert T. Lincoln, 

Secretary of War : 

607. Sir : Your letter of the 11th instant, in which 3*ou advise me that 
"you conceive it to be your duty to cause to be laid before the Board all 
the information in your power to enable it to perform the duties imposed 
upon it by the act approved March 3, 1881,'' was duly received, and in 
jeply I have the honor to state more at length than heretofore the con- 
siderations which induced me to make the request contained in my. let- 
ter of the 28th ultimo. 

608. I am at this time unable fully to understand what particular infor- 
mation may be gathered from my proposal to furnish armament under an 
appropriation now available, which can be considered germane to the 
subject of the duties of a Board whose report is not to have weight or 
force till it has been considered by Congress at it« next session. It 
would rather seem to be an unfair mode of smothering a proposal which 
interferes with the interests of official inventors and their assignees. 

609. It was the evident intention of the subcommittee which framed the 
law, by providing for the " selection '^ of a Board " by the President,'' to 
secure a disinterested tribunal composed of officers not interested di- 
rectly or indirectly in patents or inventions, nor the associates of official 
inventors. 

610. But the Board — including official inventors — selected ''by com- 
mand" of *' General Sherman," in " General Orders " issued from " Head- 
quarters " of " the Army," has a certain air of martial law about it not 
assuring to citizens of a republic in time of profound peace, and it 
smacks of uncivil and arbitrary usurpation of functions not delegat-ed 
to soldiers except in time of war. 

611. I have heretofore had the honor to place in your hands a copy of 
the printed testimony taken before the Senate Si^bcommitee on Appro- 
priations on the subject of the malign influence exercised over projects 
for producing ordnance — shown by the fact that many officers occupying 
controlling positions in the service, such as ^^ President of the Ordnance 
!Board," " Constructor of Ordnance," '' Members of Ordnance Boards," 
or officers of the staff of the Army, were the assignors, possessors, or 
interested advocates of inventions or patents connected with ordnance 
and their duties ; and now in connection with the selection of the present 
Board and the reference of my inventions to it, I ask your personal at- 
tention to the pages, detached from the report of the Chief of Ordnance 
for 1873, and hereto attached, viz, the pages from 445 to 448, and twelve 
sheets of photolithographic drawings forming part of the same [these 
pages are not attached to this copy, it being deemed sufficient to intro- 
duce a few quotations without the illustrations in the body of this copy 
of this letter], being a report of the proceedings of a Board appointed 
by order of the Secretary of War to examine and report upon depress- 
ing and other carriages for heavy ordnance. 
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612. Pifty-eight projects were laid before the Board, aacao be seen by 
tbe list followiup (from page 457, as above). Of these, forty-oue are the 
iiiveutioim of officers of the staff corps of tbe Army : 



Deprt»»lDgcirrliigBforM' gun, to be operated b; ' I.leui'W.aSnioolpOrtiujireDepMtnl't. 

■ SjBtsin pfoperitingheaTvoTdiiincebTMfMii-powBr.- Do. 

G<>inpTauloa for abeorbLng recoil of 'iu" gun . . ,-.. Do- 

I CompicMor for alHurblng recoil or 1»" gnn < Do. 

Gan-carriBEe.iDDEiltf-nlrutliiit | H.Wanplch. 

liethod of loading and niueaTcHDgbearv (n"» '-- Lieat. J. A. Kreaa|prdiiance Department. 

Tratenlng heavy Ha^aut gnoa by iteam-power... Do. " 

Coanlerpolae gun- carriage Lleot. J. O. BDtler.OrdDanoeDepartmeBt. 

I CouDleriiolK gun-carTUse I Do. 

Appanine forniuenTerinE hear; gnna ' )Cii|. J. O. Benton, Ordnance Department. 

Serrlee JC" barbette carriage liicieaned In height OrdQanoe Department. 
' wltb two air cyllndera. froDt pintle. ' 

Service 15" barbel t« ranUge, cculet pintle altered ■ Do. 

Coiinterpoliw plmrurm forbeivy gann A.T.Brever. 

)'. K. Datln, Third ArU]leT>-. 



Lieut. Col. T. T. S. Laldley. Ordna 

VertlL-al revul Ting battery John RIdfcwAV. 

Beinlvlng liou fort and pneimwlic carHage Jamea T. Kyen. 

, Loadiiig.fiunsc tir 15" gun Lleul. Col. T, J. Hodman, Ordnai 



i;ouDtervalK gnncarrlue Lieut. A. L. VHmey. Ordnance Dep'c 

Uepre«abgK'"'-™"l»ftt (NuttaU-i), HUbmitledbyU.D.Lawrei 

DeprFBsing Kiii-OTtiage Ur. Alberlwm. 

Dcpre«liiK guncarrlBgc "--■ "" " "-'--"--■ " 

15" barbetif carriage, front pintle 1_ . . _ . 

Appaiatuiiforniiinonverlngand loudingbcaTy guna Henry Gaud 

Krloo gHnearrlaiio J.K.Kelio. 

Hydraulic buRereuai'd In BbglBud for checking »■ , Letter referred by Oea. A. A. Humphreys 
toll Cblef of Eng'ra. loChlef of Ordnnuoe, 

Derlce fur cbecklng recoil of beavv gnus . . Cap!. J. Wall Vllaon, IT. & R. M. 

DecicerorleeHiuiiigebocliofdliKliiufie Ur. Tlmby. 

I Depreialpg gun-carriage Col, J.G. Barnard, Engineer Corps. 

' Klug'a voUime on coaoterpoiae gun-carriages, pub- . 
llMed bj Engineer Carna. 

Esrtben t^llf<r]' and track Ualor D. C-Honiton, Engineer Corpa. 

. Iron fort witbdepiesaing carriage ' CoLSertell- 

; Cuuuterpulse miiiile-ui voting gun^llui Oapt W. R. King, Engineer Cnrpa. 

CMemate-carrlage, without t(.Dgue, for W Hodman Do. 

M^lor I>. C- Honiton. Engineer Cofpa. 

"-'--" '- OUImore, Engineer Corpa. 

Breirertaa, Engineer Cwpa. 

preealug gun-carriages f 



>te-cBirie|e. nitbout tongue, 10" < H^torQ. A-^UImore, Bnglnecr Corpa. 



41 Apparatus fur checking refoil Cot Henry Breirei 

n . HoTlarbed for heavy mortars ; Capt. W. k King^ 

I3-S6 Tl * ' - . . . pi^gjj^g gun>cBniages for Lieut. Col. J. Q. rt 

Dn. 
., U^arC.B.Ree«& Engineer Corpa. 
.' (Atkius), per Judge C-tdason. 



rf. R. King's e 
i— Engineer a 



615. Beotou's appnrntiiB tut mau«iiTering heavy gaiiH; Mi^. J. O. Beaton, Unit«d 
l^tutes Orduance. 

616. Coimb>rp<iiNo giin-carriAge ; dev|ge<l Itj- Cnpt. A. R. Bufflngton, United Btat«« 
Ordnance. 

617, Among the plans approved and recommended for trial or ser^-ice 
by the Board are the projects of Colonel J. G. Benton, Ordnance Depart- 
ment, anil of Ma),A. R. Biiffington, Ordnance Uepart-ment, and these 
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ai^e tbe two orduance officers of the jfiixed board of five, selected by 
command of General Sherman, to which, you inform me, it is your duty 
to refer my proposal. How many more official inventors maybe on the 
Board I do not know and have not time to inquire. A principal feat- 
ure of my proposal is to furnish automatic carriages capable of being 
operated by a greatly reduced number of men and affording facility for 
firing much more rapidly than has heretofore been deemed possible. 
^ 618. TheT important features of my carriage are referred to in marked 
X)aragraphs on pages 10, 11, and 12 of the printed letter addressed by me 
to the Senate Subcommittee on Appropriations, having charge of "the 
fortifications bill last session. 



# 

619. (The printed pages referred to are introduced in this coi)y for tbe 
information of the Select Committee on Ordnance of the Senate, a copy 
had been previously sent to the Secretary of War:) 

620. Heretofore only one condition affecting the value of an armament composed of a 

limited nnmber of gnns mounted in a fort has been considered indispensable for de- 
fense, viz, the power of the guns to penetrate the greatest possible tnickness of iron 
armor protecting the sides of the ships of the enemy by which we may be assailed, 
and our ordnance authorities seem t-o contemplate making up for the acknowledged 
slowness of fire or slow repetition hy each gun^ by the number oi guns estimated for, and for 
which emplacements have been provided by the engineers. Undoubtedly the gun whwk 
could deliver fire equally effective shots in the same time another one delivers one^ would be five 
titms as effective in battle as its slower competitor. 

(5^1. The 15- inch long-bored breech-loading ^un, referred to in the x^roposal printed 
with the t stimony taken by the committee, is intended to fire five shots while the 
" improved breech-loading 12-inch rifles of Colonel Crispin" delivers one I 

622. It can be seen that my gun is devised to reduce the friction of the projectile as 
it passes out of the bore as much as possible, and I do not doubt can be fired five shots 
with its mechanical fit projectile without heating the gun as much as one shot with 
the Crispin gun, using an expanding projectile, would heat his gun, so that my gun 
would have no greater tendency to burst from "unequal expansion of its metal,'' when 
firing so rapidly, than the Crispin gun would have when firing at its slower rate. 

623. My carriage (uhown by drawings which accompany my proposal) is specially 
devised to secure facility for rapid repetition of shots. By its o])eration, tkrgun is rttn 
forward again to the position in which, being a breech loader, its charge is inserted, 
and at which it is fired again, automatically, and in the same time required by the Crispin 
gun to complete its recoit. The heavy Crispin gun then re(^uires tho utmost effort of 
lifteeu or twenty men to run it forward to its proper position for loading, by which 
much time is wasted. The operation of loading the gun cannot begin until this labori- 
ous process of running the gun forward has been completed, thus but one-fifth of the 
number of guns are required and but one-fourth of the number of men for each of 
the reduced number of guns. 

624. Now, therefore, if it is true, as it seems to have been proven to the committee 
and assented to by General Ben<^t, that we can, by improving the form, density, and size 
of the grains of powder so as to adapt it to the strength of the material of which the 
gun is made so that the gun will not burst, **even if made of cast trow,'* by the force of 
the direct pressure of the powder, securing, at the same time, higher velocity to the 
X>rojectile ; and if we can, by reducing the mction of the projectile by making it slide 
smoothly out of the guns so that we reduce the rate of heating to less than one-fifth, 
why can we not fire five shots by the new method while one can be delivered after the 
old time-honored mode ? If we can fire five times as many shots in an hour by tlie 
new appliances, the new gun and new projectile, and produce the new gnns of double 
the power for one-fifth the price of the other, procurable, too, in the one- hundredth 
part of the time, why should, we buy five of the less efiective guns instead of one of 
the cheaper ones — guns such as we can get so much quicker, also ? 

625. In other words, why should the United States purchase 2,200 new guns at $46,000 
each, with IPO expensive projectiles and a carriage ifbr each, besides converting 1,600 
guns on hand expensively to make up the 4,000 reported as required, at a cost of 
$157,741,950, when we can, by converting the 1,600 guns on hand, acconling to the 
new plan, procure more efiective armament, all complete, for $22,000,000, including — 
300 15-inch long- bored breech-loading combined rifle and smooth-bore guns, with a 

carriage of tne imitroved automatic kind, described and shown by the drawings, 
ibr each gun. 
30,000 spiral triangular subcaliber centered mechanical fit projectiles of chilled iron 
(1,000 pounds weight each). f* 
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^)0,000 .spherical shellA, or so many as to make up that ntimhcrif there he uot ho many 

on hand. 
1,000 10-inch hinpf-hored breech-loadera (5ombiued rifle and smooth <;uns, with a carriage 

of (he improved automatic kind, dt^scribed and Nhown by the drawings for eacli 

gnu. 
50,000 spiral triangnlar snbcaliber centered mechanical fit chilled iron projectiles of 

500 ponuds weight each. 
oOyOOO spherical shells, or so many as to make lip that number if there be not so many 

on hand. 

6*^. To the above-enumerated guns, 300 more can be added by converting the Par- 
rott rifles and 8-iuch l^nus on hand, and supplying for each gun 50 spiral triangular 
projectiles and 50 spherical shells for each gun, thus making up an armament far more 
powerful and eftective than the one made np of 4}000 guns, as contemplated, and rec- 
ommended by the ordnance authorities. 

627. It is confidently believed that the 15-iuch gun in the proposal and specification 
referred to can penetrate 30 inches of iron at 1 mile range, if constructed accordmg to 
the pliCn described : and if at the first trial they should nor, it is almost certain that 
by further incr<?aae in the length of the bore (in a manner that is obvious), and by 
further increasing the size and density of the powder grains (which it is also obvions 
can be done), the neeessarj' power can be secured without additional strain npon the 
g"n. 

G2S. That the 15-inch gun can be tired as rapiillyjis one round every two minutes for 
fifteen dbnsocutive rounds, which rate of rapidity is five times as great {is the Crispin 
12-inch breech-loading rifle can be fired, and that it can penetrate twice the thickness 
of iron at one mile range, is not to be doubted. 

629. It is believed that it la uot possible to operate a gun of the necessary length and 
capacity of bore to give so high a velocity and such great power if mounted in the 
ordinary manner — to be elevated and depressed by turning on its trunnions. The re- 
coil would be on a different plane from the plane of the bore. The recoil of my gun 
on its improved carriage is in the direction which coincides with the plane of the 
bore. A much smaller port-hole, or opening for the mnzzleito protrude through, is, 
therefore, required for my gun than for any other in use in the United 8'ates, or in 
any other service. Therefore, I do not fear competition with the Crispin jjun in any 
possible modification, such as increase of length ; while to my gun there is no prac- 
tical limit to the length to which I mav ext-end the bore by lengthening the chase 
except the length to which it would give no advantage in utilizing the expansion of 
the gases of slower burning powder. 

&M), Besides, my projectile has a aubcaliber puncturing point and body, and makes its 
hole through the target only of one-half the area of cross-section of the bore of the 
gun, and has the very best form of point for penetration. For these reasons, if 1 
could offer no other, I would, even from a theoretical point of view, be justified in 
claiming double the work of penetration with the same caliber of gun ; or, to state 
it more correctly, the same penetration with half the charge of the same kind of 
powder. 

631. My best 10-inch rifle, converted from a 10-inch smooth-bore Rodman will, it is 
believed, penetrate through 22 inches of iron at 1 mile range; and, it is believed, prove 
capable ojf delivering 30 consecutive shots in 30 consecutive minutes, which is^five times 
as rapidly as any other gun in the world can d^lwer 500, pound projectiles. It will have 
all the advantages claimed for the 15-inch gun within its sphere, and thus, by the 
adoption of this plan of converting 1,300 guns of those on hand of the two calibers, 
the Government will be put in possession of an armament capable of delivering 19,500 
tons of projectiles an honr^ while the Ordnance Department armament of 4.000 guns, at 
the rate of rapidity of fire attributed to the guns, can deliver but 5,675 tons of projec- 
tiles per hour. 

Very respectfully, &c., 

NORMAN WIARD. 

To the SUBCOMMITTEK OX APPKOPKIATIONS, 

In charge of the Fortification hillf United States Senate. 



632. J am sure, sir, that after receiving this information with regard 
to the character of the Board, that you will uot consider me captious if 
I again earnestly ask you to revoke your decision as to referring my 
proposal to a board so selected and constituted. 

633. Further, it could not be expected that the report of a board so 
constituted and selected, with such seeming disregard for the text and 
true intent and meaning of the law, such marked disrespect for the presi- 
dent particularly designated to " select the board,'' and for the com- 
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iniftee which framed the law, could have much weight when it here- 
after cornea to be considered by the same Senators who carried the 
measure through for the express pnrpos^e of defeating the inaehinationH 
oC unscrupulous official inventors, their co-conspirators, assigne-es, and 
associates. 

634. There wa^ but two modes of constructing and converting guu8 
laid before the Senate ctonimittee which secured the passage of the law 
(Public No. 69) of last session, viz, methods which involved lining the 
guns with a coiled, welded wrought iron or steel tube and adapting 
them by the mode rifling to projectiles with a sabot less hard than the 
body of the projectile with a view to its expanding into the grooves of 
the gun or being squeezed through the bore while expanded or pressed 
into the grooves with great force to give the necessary rotatioq to the 
shot, and guns rifled without lining by cc^tting the grooves ** right in 
the gun itself with such form of grooves as to make the gun a com- 
bined rifle and smooth-bore adapted to the utilization of centered 
spherical projectiles, and to centered mechanical fit subcaliber projec- 
tiles with improved form of point for penetration. 

635. It wa8 shown to the Senate subcommittee that all the guns con- 
structed or converted under direction of the Ordnance Bureau, Anom 
1872 to the present time, were lined guns, inchuling the Thompson, Snt- 
lifi'e, Woodbridge, and Crispin guns. Yast sums of money had been 
expended under direction of the Ordnance Bureau in producing these 
guns from 1872 to the present time, yet not a single gun of 12 inch caliber 
or larger had yet bfeen submitted to extreme proof in this country with- 
out being burst or disabled before a reasonable and satisfactory test had 
been accomplished. In fact no lined rifle gun of large caliber, using 
expanding projectiles, has ever been fired rapidly for thirty consecutive 
rounds without bursting, and even if fired slowly, the steady enlargement 
of the bore at the seat of the shot, from the first shot to the last, in every 
case of recorded trial, shows that lined guns are steadily and certainly 
progressing toward their own destruction, so that this mode of construc- 
tion has come to be known in England as the ^^ suicidal system." It 
was shown to the committee that lined guns had been universally con- 
demned throughout the world previous to the attempt to make them in 
this country, and that both the Chief of Ordnance and Colonel Crispin^ 
" the patentee/' " president of the Ordnance Board" and " constructor 
of ordnance," had condemned them. 

636. The Chief of Ordnance informed the committee that it was not in- 
tended to test the guns (the improved Crispin patent 12-inch breech- 
loading rifled guns) now being constructed by the Ordnance Depart- 
ment under the appropriation of 1880, and thereupon the committee, 
after being shown that the guns were utterly useless, struck out the 
appropriation from the House bill and inserted the clause in the act 
(public 69) providing for a disinterested board — 

637. To exaiuiue certain iuveutiouH [viz, those laid before them], including the guu» 
■ow being constructed or converted under the direction of the Ordnance Bureau. 

6:W. The Board is to examine and report what [of these] are worthy of trial and the 
estimated cost of such test. This report will eventnaliy be laid before Congress, and 
will then receive proper consideration. 

639. By this action of the committee, as embodied in the law, all lined 
guns, and the Crispin guns as constructed and converted, are without 
provision of law for their further production, and even those contracted 
for in 1880, being relegated to the examination of a board whose report 
may determine that they are not worthy of test, may never be received into 
service, and the contract may, according to law, at the discretion of the 



HEAVY ORDNANCE AND PROJECTILES. 203 

President, be annalled so as to cover the unexpended part of their con- 
tract price back into the Treasury. 

640. There is, therefore, no other way to comply with the true intent 
and meaning of the law than to e:[^pend the appropriation in the act 
(Public No. 69) by giving the contract to me according to the terms of 
my proposal, which was prepai'ed by me in strict compliance with the 
terms of the appropriation. . ^ 

641. Tou will remember that Mr. Allison said (see page 4 of my 
printed letter addressed to you and dated 2(M;h of. May, 1881) : 

642. The War Department nnder this bill can make these experiments. They can, if 
they choose, do just what Mr. Wiard hasproJecUd, or if they cannot, I want to know the 
reason whv they cannot, or what farther legislation is necessary. If they can and 
will not, then it becomes necessary for ns to proviiie in this bill a compulsory process. 

643. I have, therefore, no intention of withdrawing my proposal.. It 
is a bona fide one. I have, while I hope to have your personsd attention 
to its terms, no objection to its taking the usqal course, except that I 
could not expect justice to the government any more than to myself if 
it should be referred to a board composed wholly or in part of officers- 
of the Ordnance Corps (all inimical to me solely because I have dis- 
covered and exi>osed their corrupt practices),' who are themselves in- 
ventors or the associates of official inventors. I want justice, and this 
time I intend to have it, or, as Mr. Allison said, '^ I want to know the 
reason why." 

G44. With Mr. Beck I protest against a ring inside any bureau of this, 
government running its own patents and injuring the chance of the 
government to get the best gun because its officers are seeking to for- 
ward inventions of their own. 

I am, sir, very respectfully, your obedient servant, 

NORMAN WIARD. 



Communication of yornian Wiard. 

645. The following was received from Norman Wiard and submitteil 
to the committee : 

on important improvements in gunpowder, centered anti- 
friction projectiles, cannon matured by aoe, and annealei^ 
by years op exposure to the molipyino influence of the. 
elements. 

312 Sixth Street, 
Washington j^ January 12, 1883. 

Senators of Select Committee on Ordnance: 

646. The results of the Nut Island experiments were obtained with gun- 
powder very severe upon the guns, and which did not afford a corre- 
sponding velocity to the projectiles, and although the results obtained 
have never been equaled by any other experimenter, as was shown by 
the review I had the honor to read and lay before the committee, I de- 
sire you to understand that I have made additional improvements in 
gunpowder, in the guns, the method of rifling, and in my ^projectiles,, 
which will enable me, whenever I have an opportunity afforded me, to 
as far excel the best results previously obtained^ as the lenticular or 
mitten shot excelled the old time-honored spherical one. While th& 
guns will be improved as smooth-bores for the use of spherical shells^ 
ricochet pra^^tice, and for rapid firing as rifles, as well as smooth-bores.. 
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Thas according to my proposals, by an economical and ready method 
enabling me to convert all the obsolete guns on hand into combined rifle 
and smooth-bores, fully sufficient for the national defense in the present 
and near future; leaving nothing to be desired. 

647. First, as to the powder. 

648. Gunpowder composed of niter, charcoal, and sulphur intimately 
incorporated and properly prepared, when ignited, burns in a closed space 
and developes a large volume of gas, the expansive force of which can 
be utilized in cannon for the projection of missiles of various kinds to a 
comparatively great distance, and with great force. 

649. It contains within itself the combustible and the promotor of 
combustion; the elements of carbon, and equivalents of oxygen; and 
althouh Sits combustion is comparatively quick, the time required for its 
total combustion can be divided into historical periods. It is not in- 
stantaneously consumed. There is a beginning, a middle, and an end 
of the operation. 

650. From the beginning of its use in cannon and other engines of 
war, it has been prepared in grains larger or smaller, and these of 
greater or less densities, and a better regulated rate of combustion more 
or lessquick has been secured thereby. 

651. The cuts show some of the sizes and forms of grains used in 
modern guns of larger caliber, and while great results have been anti- 
cipated from increase of the size and density of grain, the fonfl hope has 
not been realized to the extent of utilizing cast iron for rifled guns of 
large caliber, except in so far as I have accomplished it, principally be- 
cause ordnance authorities have adhered to suicidal systems of rifling^ 
and to expanding, wedging, jamming, squeezing, or ba^flotiug projectiles^ 
all in the interest of official inventors, their associates and designers com- 
prising the ordnance ring; and my success with the Nut Island experi- 
ments was due more to the centering the projectiles in the bore of the 
gun, with windage all around alike, than to any other feature of my 
inventions. 

652. The invention, so called, of large-grained and dense gunpowder 
is generally attributed to General Eodman, date 1861. But I find in 
the Navy Ordnance Instructions, approved by the then Secretary of the 
Navy, the Ilon. Will. A. Graham, July 2, 18^, Gapt. 0. Morris being 
Chief of the Ordnance Bureau, the following on pages 112 and 113: 

653. In general, gunpowder of sniaU grain and low specific gravity ^ives the high- 
est range m the eprouvette, whilst recent experiments with the ballistic pendulum 

haves hown that the greatest initial velocity in a shot irom a heavy gun is produced 
by powder of great specific gravity and of coarse grain. 

654. At the time the Navy adopted large-grained and dense gun- 
powder, Gaptain, the late General, Rodman was engaged with the ex- 
periments upon which the Bodman plan of casting guns hollow and 
cooling them from the interior was afterwards adopted by the War De- 
partment, [1859,1 John B. Floyd, Secretary of War. 

655. Gaptain Kodmau had great confidence in the strength of his sys- 
tem, but the use of fine-grained powder ^< burning from all its surfaces 
and developing seven-eighths of its gas during the first half of the time 
required for its total combustion" was ''too much,'' not only for the 
solid-cast guns but for the hollow-cast ones also, and at the end of the 
fifth experimental year, when ten guns had been cast and proved, nine 
bad burst. Gnly one of (he guns had escaped destruction by the se- 
vere combined action of quick-burning powder and uncentered shot. 
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656. In England, the use of quick-burning powder, designated by 
French artillerists as ptmdre hrutalej continued up to 1869, when some 
experiments were conducted with delicate instruments devised for the oc- 
casion, which showed that 30 pounds of E. L. O. (rifle large grain not the 
finest powder by far) in an 8-inch gun and with a projectile of 180 pounds^ 
the pressure being 29.8 tons at the start, was reduced to 29 tons when 
the shot had moved forward only one-fourth of one inch. When it had 
moved one full inch the pressure was reduced to 18 tons per square inch ; 
at 8 inches it was reduced to 12.1 tons. 

657. Captain Eodman used even finer powder than that above referred 
to in his experiments, and he says, page 14 of his reports, referring to the 
firing with the 10-inch gun cast on the Rodman plan, which burst at the 
316th fire— 

658. ^^The shot recovered after the 214tli fire was found cracked and marked bj a 
flinootb bright band on opposite sides, indicating that it had rubbed hard against the 
bore of the gnn." 

659. And on page 15 was found the first reference to the size of grains 
of gunpowder by that distinguished officer. He says — fo6r years after 
the Kavy had adopted coarse-grained dense powder — 

660. ^'The powder used in these experiments was made by the Messrs. Dupont, was 
rather fine grained for cannon powder. » • * It was new, and is believed to have 

been a very quick, and therefore severe, powder upon the gnn. » • * This powder 
is unquestionably too quick for guns of large caliber ; nor is it believed that the in- 
crease in velocity and range at all compensates for the heavy strain to which the gnn 
is subjected." 

661. And on page 55 of the Rodman reports we have further confirma- 
tion of the fact that the Navy was further advanced in knowledge in rela- 
tion to gunpowder Qian the Army Ordnance Corps, Captain Bodman 
«ays — 

662. *'We do not know the maximum aiaticaJ pressure due to a given weight of 
powder and shot, nor how much the rate of combustion of the charge, or rate of ap- 
plication of the force, causes the bursting tendency to exceed that due to the iiatical 
pressure." 

663. And this, notwithstanding the fact that Colonel Bomford had pre- 
viously determined the maximum pressure, by drilling holes through the 
wall of a large gun at intervals along its length. Into these he inserted 
musket barrels, and from these bullets were fired into the ballistic pen- 
dulum, and from their relative velocity he deduced the maximum press- 
ure at various points along the bore of the gun. 

664. Captain Bodman continues : 

665. '' We do not know the difference in endurance due to a given difference in burst- 
ing tendency at each discharge, nor what weight of projectile is equivalent in bursting 
tendency to a given weight of powder, nor the difference in endurance due to a given 
difference in the thickness of metal." 

666. '' We do not know the difference in bursting tendency due to a given differ- 
ence in temperature of the same charge of powder at the moment of ignition.'' 

667. " Nor do we know the proper constitution of charge in order to produce a given 

velocity of projectile with the minimum bursting tendency upon the gun." 

668. "And it is believed that the true interests of the country would be promoted, 
in a military point of view, by entering, at as early a period as practicable, upon a 

.series of experiments, which would supply positive knowledge in place of probability in 
some and positive ignorance in man^ other points of the utmost importance to the 
national defense ; for it is better that millions should be expended in time of peace and 
from an overflowing treasury than that a single gun should burst in action." 

669. These are remarkable statements. After continuing experiments 
at the public expense from 1849 up to 1856 something ought to have 
been learned — even if he had to learn it fVom the Navy — and the prop- 
osition to begin another series of experiments to cost, may be, millionS| 
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wheu such meager results had beeu achieved, was nothiog more nor less ^ 
than sublime impudence. 

670. In 1874 General Benet made the following statement to a com- 
mittee of Congress : 

671. '^Larg^grain powder for heavy gnn% was firet adopted by this department in 
1861, at a time when other nations continued the use of smaU ffrain. This great im- 
provement in the mode of manufacture was the resnlt of careful study and experiment 
b^ the late General Rodman, who successfully used it in his first 15-iuoh ffun. This, and 
his invention of the ** perforated cake '' powder, which has been adopted by and is now 
in use in both Russia and Germany, and the '^ pebble^' powder, similar to our '* mam- 
month,^ adopted by England, create that revolution in the manufaeture of gunpowder ^ 
based upon pi^rely scientific principles of combustion and evolution of gases, that hoe 

enabled all nations to increase the size of their ordnance" 

67Si. ''The necessity for strength in any gun constmcted dedends upon the amount 
of strain that is brought upon it, and this st rain is effected by the method and rate at 
which the gases are evolved in the burning of the powder charge and the rate at 
which the powder space behind the charge is enlarged by the gradual movement of 
the shot through the bore. It is evident that if, by any proper manipulation of the 
powder in manufacture, the size and form and density of grain can be so determined 
and adjusted as to confine the strain within certain limits, the strength of the gun to 
reeist such a strain need not reach the maximum requirt^ments of steely hut may he found toithim 
the well'knoton oapahilities of our best cast iron.^^ (Testimony of General S. V. Ben^t, 
Chief of Ordnance, U. S. A., page 90, Rep. 384, H, R., Forty-third Congrebs, first 
seision.) 

673. This is an impudent claim for invention. It has already been 
shown that Bodmau did not invent, and was not even the first to propose, 
large-grained and dense powder, and neither large grains nor his '^per- 
forated cake" had anything to do with the increase in the size of ordnance 
abroad. All foreign powers have proceeded toward improvement in the 
size of ordnance, by selecting the strongest material in place of cast 
iron ; and have adopted the strongest and moat expensive methods of 
construction in order to provide as if by brute force to resist the 
enormous strains upon the projectile ; and therefore upon the gun, of the 
quick-burning powder, powder burningJ^ from all the surfaces ''j powder 
which developed seven-eighths of its gas, in one-half the time required 
for it« total combustion. No nation ha« adopted '< peiibrated cake ''.ex- 




Perforated cake powder.' 

cept for experiment. It has always given such erratic results, that the 
pressure it gave had to be deduced from a mean of a number of fires, 
and it lias been concluded that the perforated cakes were blown apart 
with so much violence against the walls of the chamber and base of 
the shot, that as frequently as otherwise it was broken up into fine 
grains, and then its rate of combustion was as quick as the quickest, 
and neither Army nor Navy OnUiance Departments of the United States 
have ever adopted it, since the testing of the first 15-inch Bodman gun. 
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674. The following is what General Rodman himself said about large 
dense-grained powder in 1861 (see his reports, page 292) : 

675. The most favorable hypotheHis that can be made with grained powder^ is that 
the grains are spherical, and of uniform size." 

'* If, now^ we suppose the powder to be so hard pressed that the gas cannot permeate 
the grains, and that the diameters of the grains undergo equal reductions in equal 
successive portions of time, we shall, at the end of half the time required for its total 
combustion, have consumed seren-eighih^ of the whole charge, the volumes of spherea 
being to each other as the cubes of their diameters, while the shot will have traversed 
only something more than one-fourth of the bore, supposing the time required for the 
combustion of the charge to = that required for the sliot t-o traverse the entire length 
of bore." 

676. ** Fi-om which we see that with this kind of charge the gas is evolved in the in- 
verse order of what itshould be; the evolution being greatest while the velocity of 
the shot is least, and least while that velocity is greatest, and giving rise to excessive 
pressure at and near the seat of the charge, and a too rapid diminution of pressure 
from that point forward." 

677. ** This highly objectionable property of grained powder may be remedied, in some 
degree, by increasing the size of grain, if it IxAufticiehtly hard pressed to I'ender it 
impermeable to gks under the pressure to which it is to be subjected in firing ; for it 
is clear that the initial burning surface, the maximnm pressure, the difference between 
the mean and maximum pressures, and the difference between the initial and the 
terminal burning surfaces, will all diminish as the diameter of grain increases." 

678. " But to bring the maximum pressure withiu proper limits, requires such an in- 
oreasein diameter of grain as to require either an inconveniently long gun or an in- 
crease of charge in order to produce the requisite velocities; since for a gun of ordi- 
nary length the grains would not be entirely consumed in the gun; and the larger 
the grain, the more of each would be blown out unburn^d. And in soft, lightly pressed 
powder, we lose all control over the rate of combustion, the larger grain soinetimea 
giving the greater pressure, owing to the larger interstices causing a more rapid rate 
of inflammation." 

679. No matter how much the size of grain and density of mass may be 
increased, the highly objectionable quality remains, of developing its ga» 
most rapidly at lirst, and most slowly as the end of the operation ap- 
proaches, giving intense and "highly objectionable'' strain upon the 
gun at the instant of starting the projectile, and a too rapid diminution 
of the pressure afterwards ; in fact, exerting its force in the best man- 
ner to enlarge, crack, or burst the chamber and bore of the gun, and 
distort, upset, wedge, jam, or bveak the projectile, and in the very worst 
mode to give highest velocity and force to the shot or shell. 

680. All the efforts of inventors of guns during the past fifty years, or 
since rifled guns of large caliber have become a necessity to military *'of- 
euse'' and "defense," have seemingly been directed towards resisting 
the misdirected force of gunpowder instead of improving the powder 
itself. In the years between 1858 and 1864, the British Government 
alone expended #13,000,000 for the development of a new rifled breech- 
loading system — Armstrong's. Every one of the guns x)roduced of larger 
caliber than a field gun were laid aside as useless at the end of the year 
1863, and a new departure was made. Discarding breech-loaders, that 
government proceeded to rearm with still heavier calibers of rifled muz- 
zle-loaders, built-up guns, using steel and wrought iron in combinations 
thought to give greater strength ; but the uncertainty of endurance of 
the expensive new armament brought the authorities again to the con- 
clusion that their latest adopted system was a failure, that it must be 
discarded, and that they must begin again de novo, 

681. During the debate upon amendments to the naval appropriation 
bill at the end of last session, a Senator said : 

662. I wish to call the attention of the Senate to one fact. In the siege of Alexan> 
dria the other day^^'which is said to have heen one of the most remarkable of all the 
naval exploits in history in the particular of its j^^ing an engagement in which the 
heaviest missiles were thrown, and id the largest number, one of the British ships* 
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firing at eery $low time, perhaps not repeating it» fire oftener than twenty minutes' interval 
was oampelled to retire after one day's action and go to an island in the Mediterranean 
Sea for a new armament, « * • Every shot she expended cost the British Government 
a thousand dollars; and yet at the end of a single day of slow action thai ship was compelled 
to retire to an island In the Mediterranean, where they had reserves of artillery, for a 
new armament. The result will be shown w^hen the report of this naval engagement at 
Alexandria comes to be made up by scientilic men, as the actaal facts as stated prove 
that there is something, eren among the English guns and German guns and French guns, 
Mfhioh is still very imperfect, and which I ti^ttst very much tcill be supplied hy American genius, 
683. / have confidence in the capacity of our inventars to accomplish and master any im- 
provement that needs to he mastered for the success of our Navy in the future and for the 
defense of our coast. 

684. A few days previously the Associated Press dispatches brought 
to us the following intelligence: 

685. ''London, July 12. — The events of to-day at Alexandria have been compara 
tively unimportant. The bombardment was not general or long continued, and the 
truce iiegotiations were fruitless.'* 

686. ''The Times correspondent telegraphs from the fleet off Alexandria: "The 
Achilles and Temeraire will probably attack the Marabout fort and the Inflexible 
the Ras el Tin works to-morrow. The Alexandra mil probably have to go to Malta to get 
9iew guns." 

687. If a new kind of powder made of thiB same constituents as that in 
common use in 1859, which would burn only from surfaces which would 
increase in area as the combustion progressed ; so made that a differ- 
ential regulatable rate of density' could be imparted to it, being most 
dense fit that part of the surface where the combustion begins, com- 
bined with any required reduced rate of density toward that part of the 
mass where the combustion terminates, it is evident that it would be 
be possible "to confine the strain within certain limits" and — 

6dd. '^ The strength of the gun to resist sach strain need hot reach the maximum re- 
quirements of steely but may oe found within the well-known capabilities of our best 
cast iron.'' 

THE IMPROVED POWDER. 

689. I have invented such a kind of powder, and machinery and appli- 
ances for its rapid production, of absolutely uniform quality, and, if neces- 
sary, it can be made by grinding up any of the various kinds of grained 
powder, such as are on hand, and reforming it to the new kind at low 
cost. In fact, I have already made and tested it on a small scale, and 
find that it gives more than double the power to the projectile, while 
the strain upon the gun is reduced more than one-half. It is an accel- 
erating powder. It performs its work upon the projectiles exactly the 
same as gravity acts upon a tailing body, overcoming its vis inertia 
slowly at first, and impelling it afterwards with an accelerated rate of 
velocity and force, exactly the condition required, and is the reverse 
of the conditions which control the rate of combustion with grained 
powder of such density as to prevent the hot gas from ^'permeating the 
grains'' under the condiditions, which prevail in ejecting shot from can- 
non. 

690. The above cut represents a cartridge, devised by me, made up of 
nineteen maybe more or less tubular prisms like Fig. 1. 

691. Each of these prisms has a tapered hole through along the axis, 
andea^h is covered with an incombustible paper jacket, cemented upon 
all the outside surfaces except the front end, so as to confine the com- 
bustion to the interior and front end surfaces, thus securing steady in- 
increase of the area of surface undergoing combustion as the decom- 
position by burning and development of gas progresses. 

692. It is obvious that if the powder composition should be as well 
incorporated as it is in grained powder, and of such uniform density 

S. Rep. 969 14 
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HB to prevent the hot gas from permeatiagthe maBs,tbe steadily iacreas- 
ing area of surface undergoing coiubuBtiOQ wonld cause the gas to be de- 
veloped more slowly at first and more rapidly toward the last, which 
wpuld alone perhaps be sufficient to accomplish the desirable end. 
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693. But if more is required, it is easy to secure any required differ- 
ence of density between the sunaces upon which the combnstion begins 
and those increased-in area ones, upon or at whichthe combustion ter- 
minates. 

694. It is also obvious that if extremely mild action is required at the 
beginning — for the sake of the gun — that quality of force can besecared 
to any practical extent required, by reducing the area of combustion 
surface upon which the ignition begins, coupled with increase of den- 
sity at that part; if necessary, making it as hard as the surface of a 
piece of anthracite coal, in combination with reduced density if neces- 
sity to the extent of artificial porosity in that part of the powder com- 
position which burns last, so that it will be in that condition referred 
to by Genera! Bodman — "soft, lightly pressed powder," in which "we 
lose all control over the rate of combustion," but under which, if we de- 
sire it with this improved cartridge, we are willing to let it have its own 
way, so that it follows up the rapidly escapiut; projectile to accelerate 
its headlong flight. [See cut, page 212, Figs. 14, 15, 10, 17, 22, 23.] 

695. The appliances for forming the prisms with absolute uniformity of 
density, as well as regulating the differences of density described, have 
ail been deviseil ; but as patents are pending I prefer not to have any- 
thing relating to these and some modifications in forms and kinds of 
cartridges published at this time. 

696. The cartridge I have described for a 15-iiich cast-iron gun is, as 
to itsproportioQS of size, form, and differential densities, so far only 
theoretical or based upon reasouiog alone. The exact conditions can 
only be determined by experiment. 

697. If such powder as this had been available in connection with cen- 
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tered mechanically fitting projectiles t« tbeEnglish Uovemment in 1869, 
the Armstrong syat«m, npon which $13,000,000 was expended iu three 
years, would never have been adopted ; cast-iron guns costing 1^ cents 
a pound would have fully met every requirement up to this time and 
for all time to come ; because, with such powder and such projectiles 
" the ttrength of the gun to retittuwtk a strain need not reach the maximum 
requirements of iteel, but may be found intkin the well-Jcnown capabilities 
of our beat east iron." Since 1859 that government has expended 
450,000,000 for large rifle guns, "bnilt up" of the most expensive mate- 
rials with costly workmanship. Nine-tenths of this expenditure wonld 
have been saved if the '■'■poudre brutale" could have been replaced by 
such cartridges as tcould develop one-eighth of its total volume of gas dur- 
ing the expenditure of the first half of the time required for its total com- 
bustion, and seven-eighths during the other half of the time, or powder ap- 
proaching that quality to a practical degree. By substituting cast-iron 
gnns of far greater power, susceptible of being rapidly produced at one- 
tenth the cost, 

MY IMPROVED PROJECTILES, 

called " the spiral triangular, centered subcaliber mechanical fit projec- 
tile," with a " cutting point," is an improvement npon the " lenticular 



or mitten shot," used so successfully by me during the Mnt Island exper- 
iments, the merits of which are explained in the review of those ex- 
periments I bad the honor to read and lay before the committee. 




CROSa-SBCTIOM AT MID-LENQTH OF TRIANGULAR SHOT. 

698. Being centered by its bearings in three equidistant grooves in the 
gun it slides out smoothly without any tendency to balloting. The de> 
vices shown on the drawings exhibited to the committee effectually pre- 
vent the escape of gas past the windage band, and the usual upsetting 
near the middle of its length does not reach that extent~-withia the 
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permanent elasticity of its metal — that permits it to come in contact 
with the surlace of the bore at any part of its length, and, being so cen- 
tered and supported in the gun, makes its exit without touching the sur- 
face of the bore, and thereupon with less frictional resistance than occurs 
to any other form of projectile, which means that all the force im- 
parted to the shot by the expanding gases of the powder is stored up • 
and carried (nit of the gun to be expended on the iron target or what- 
ever it is aimed at. 




CROSS-SECTION AT MID-LBNGTH OF LENTICULAR SHOT. 

699. The ^' lenticular or mittenshot" [see cut, page 72], which was 
also a centered subcaliber mechanically fitting projectile with a cutting, 
point — but adapted to two grooves instead of three — had the same anti- 
frictional qualities. I made practical experiment with one of these, 
which weighed 535 pounds, during the Nut Island experiments to de- 
termine the exact value of its resistance in passing out of the gun in ^' foot 
pounds." 

700. When the gun was laid horizontal, 68 pounds of force determined 
by a spring-balance was required to slide it into and out of the gun ; mov> 
ingthe shot 12 feet, against this resistance, therefore, required 836 " foot 
pounds" of "work" to be expended upon it. 

701. I drew the attention of the joint committee on ordnance of the For- 
tieth Congress to the laws relating to the mechanical equivalent for heaty 
as deduced from the experiments of Joule, and laid down in a " sketch 
of Thermodynamics," by Dr. P. G. Tait, M. A., and an extract was re- 
published (pages 187, 188, Kep. Com. No. 266, Fortieth Congress, third 
session) from which 1 quote : 

702. "Ist. The quantity of heat produced by the friction of bodies, ichether solid or liquid^ 
is always proportional to the quantity of work expended." 

703. ** 2d. The quantity of heat capaile of increasing the tempei'ature of a pound of ipater 
(weighed in vacuo, and taken at between ^^ and 60^) by 1° Fahr., requires for its evolution 
the expenditure of a mechanical force represented by the fall of 17^ pounds through the spaoe 
of one foot \" and 

704. ^^ 3d. As no one has yet pretended to rival in accuracy the experiments of Joul» 
above mentioned, and as his celebrated result of 1843, so very close to the truth, pre- 
ceded all other recent sound attempts to determine the mechanical equivalent of heat, 
the results of direct methods since employed by other observers may be passed over 
with the i-emark that they agree more or less perfectly with those of Joule.'' 

» « « « « « « 

705. *'The unit for measurement of work usually employed by British engineers is 
the foot-pound ; and though this varies in amount nrom one locality to another, it is in 
such general use and so convenient when absolute accuracy is required that it wiU be- 
employed throaghout. It is the amount of work reouired to raise a pound a foot high. 
It is evident that to raise any mass to a given height the amount or work required is 
proportional to the number of pounds in the mass, and also to the number of feet 
through which it is to be raised. Thus, to raise a handred feet a furlong high re- 
quires the same expenditure of work (73.920 foot-pounds) as to raise a stone-weight 
a mile high, or a pound 14 miles. And the potential energy of the raised mass, or 
the work which can be got out of it in virtue of its position, is precisely equivalent 
to the work which has been employed in raising it." 
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70C. The 836 foot-pounds of resistance by fhction produced by ejecting 
one of my centered mechanical fit projectiles^ weighing 535 pounds^ 
would, therefore, only be equal to raising the temperature of a pound 
of water one and one-fifth of one degree Fahr. — one and one-fifth of one 
unit of heat. 

707. In May, 1864, Captain Fishbourne, R. K., stated to the Royal 
United Service Institution, London, that it required 40 tons of pressure 
to force an Armstrong lead-coated projectile of 25 pounds weight slowly 
through the bore of a breech-loading rifled gun of that caliber. 

708. To move a projectile 12 feet against this resistance would, there- 
fore, expend 960,000 foot-pounds of work, and would develop more than 
1,200 units of heat. 

709. One effect of retarding the projectile by this enormous resistance 
would be to give the powder more time to develop enormous pressure 
before the shot would be started. 

710. This would also enormously increase the alread}'^ high tempera- 
ture in the gases which rise with the increase of tension, and, in turn, 
the higher temperature would rapidily hasten the rate of combustion, 
while the high temperature resulting from these combined phenomena 
would aid the friction in rapidly heating the interior of the gun. 

711. The gun being heated from the interior, while the exterior re- 
mained at a lower temperature, would bring into play the bursting ten- 
dency resulting from unequal expansion of its metal. 

712. Mr. Robt. Mallet, a high authority, refers to the effects of heat 
and unequal heating of guns from the interior, in his work on ^<The Con- 
struction of Artillery." I quote a part of his reference to the subject 
from the report of the joint committee on ordnance, Fortieth Congress, 
as follows : 

[Effect of heat on gauB, p. 186, Rep. Com. No. 266, Foi*tieth Congress, third session.] 

''713. '^ Section 81). Applying Professor Hodgkinson^s experimental results as to tbe 
extensibility of cast iron under strain to this reasoning, and taking tbe coefficient of ex- 
pansion by heat for cast and wrought iron as the same for low temperatures (strictly 
as 1000893, 1000894 for temperatures under 212^), we have the extension for cast iron 
for the square inch of section equal about x()6is ^^ its length for each ton of load, up 
to seven or eight tons, at which its elasticity becomes permanently impaired ; that is 
to say, when it begins to lose its form. An equal change of length is due to eight de- 
grees of Fahrenheit difference in temperature." 

714. '' Section 90. Let us now aasume a •64-pound shot rammed home at 2,000*^ 
Fahrenheit, which is under a white heat, and that it remains 50 seconds in the gun 
while the latter is being run out and fired ; that in this interv^al the shot transmits -^ of 
its heat to an equal mass of the cold gun, and that the whole of this is operative in 
expanding a cylindric ring of a determinate thickness around the ball« then we have 

F=a§t)'' = 25tons, 
as the mean compressive strain per square inch upon this interior ring. But as the 
ultimate cohesion of cast iron does not exceed about eight tons to the square inch, the 
actual effect upon the strength of the gun is the same as if about three inches of it« 
thickness were removed, or that an inch in thickness of its interior metal were re- 
moved, and a total strain of 17 tons were at the same time visited upon the remaining 
section of its thickness. At such a conjuncture, with such a steady strain already on 
its metal, the gun is fired and an additional impulsive strain, equal to the work done in 
giving to the shot its initial velocity, is suddenly brought upon its material." 

^'This, even with the regulation reduced charge for hot shot, of | the service charge 
for cold shot, is seldom less than 2^ tons on tiie square inch of section, producing 
from the impulsive nature of the force an extension equal to that of a passive strain 
of 5 tons. The wonder, then, is rather that anv gun stands than that many should 
burst." 

715. *' Section 93. A train of effect*, quite analogous to those described, arc brought 
into operation in very quick fwing^ whether with hot or cold shot, when the interior of the 
gun, continually receiving fresh accessions of heat from the rapidly succeeding flashes 
of powder, is not given time to transmit it by conduction through it« metal to the 
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« 

«xteiior. The limit of the beat that could be conceived communicated from one dis- 
cbarge to the guu, would be the whole of that generated by the ignition of the 
charge. Ausuming the formula for gunpowder to be K O, N05-f-S-f-C3, its atomic 
weight will be I2S, and one part by weight will include 0.1333 of carbon. Now, 
Ancirews (Reports Brit. Abhoc, 1849) found that one part of carbon evolves as much 
heat in burning as will raise an equal weight of water 7900^ Cent. Hence, neglect- 
ing the sulphur as not oxidized in combustion, the heat generated by the firing of any 
charge of powder is sufficient to raise the temperature of an equal weight ot water, 
7900Ox0.1333=1053<^ Cent.=1895.4 Fahrenheit, or to boil about nine times its own 
weight of water, or to heat about nineteen times (18.945 strictly) its weight 1(XP Fah- 
renheit." 

716. ^^ Section 95. In this case (that of heating by quick firing) the interior expan- 
sion is nut almost limited, as in the former, to a ring in the immediate neighborhood 
of the shot, but extends to the whole length of the chase or bore, so that the whole 
gun becomes lengthened by the ^* end on '' strain of its expanded interior.'^ 

717. Every proposal for large rifled guns made to committees of Con- 
gress, to the War or Navy Departments, the Ordnance Department, 
or the Ordnance Bureau, or emanating from ordnance bureaus — except 
those I have made — has contemplated the use of projectiles with a soft 
metal sabot or band, to be expanded or squeezed into the groves and 
forced through the bore, encountering such resistance by friction as that 
referred to by Captain Fishboume, which, as has been seen, required 40 
tons to push a small shot of 25 pounds slowly through the bore. 

!N"o gun of 6-inch caliber or larger, so rifled or shotted, breech or muzzle- 
loader, has ever, nor ever can, withstand 20 rounds fired consecutively 
as rapidly as is required in battle without bursting. 

Millions of dollars have been expended in producing such guns, but 
as guns for service they are not worth as much as are their fragments 
after bursting would be as old iron. 

I stated in evidence before the Senate subcommittee of appropria- 
tions January 7, 1881 : 

718. * * * ''I am an inventor ; I am enthusiastic about my art, and I do want to 
have so much recognition as to have the government, to which I have always beeu 
loyal, let me show how to save a hundred and fifty millions and how to arm the forti- 
fications effectively, not only for ihe present, but on a plan that is commensurate for 
the future, and of reasonable cost." * * » 

719. ^'Now, in testing guns, there is a quality of test that has never been applied in 
this country or in Europe. A. large proportion of all the force that has a tendency to 
burst a gun comes from the unequal heating of the gun that results from friction of the 
projectile as it passes out of the bore in perhaps the two-hundredth part of a second. 

All the guns that have been heretofore made by our Ordnance Department, or nearly 
all of them, have been adapted to and supplied with a kind of projectile called '^ ex- 
panding projectiles" (patented by Capt. J. G. Butler, of the Ordanoe Corps). These 
projectiles are made with a body of cast iron or steel, and they have a soft-metal sabot 
about the base, and they are inserted into the gun just in front of the cartridge, a 
position called *' the seat of the shot." Upon the ignition of the charge they receive 
the impact of the tremendous force, which has a t-endency to drive the sabot forward, 
expanding it to fill the grooves of the gun, at the same time jamming it forward and 
squeezing it between the rigid body of the projectile and the surface 01 the bore. This 
has the effect to enlarge or stretch the bore of the gun at the seat of the shot, as all 
the tables of enlargement which accompany the reports of inspectors of guns show, 
and thus the bore of the gun becomes a tapered tube, of largest diameter at the posi- 
tion from which the shot starts, as it is being ejected from the gun by the tremen- 
dous force of the exploding charge of powder, and the bore being smaller toward the 
muzzle, the almost incompressible projectile has to be squeezed through the tapered 
tube in a fraction of a second of time. The result of the friction, in addition to the 
retardation of the projectile, detracting from its power, is the evolution of a large 
amount of heat, which, expanding the interior of the gnu in advance of the heating 
of its exterior, is the principal cause of its bursting. Frof. F. A. P. Barnard, of Co- 
lumbia College, in a letter he was kind enough to write me many years ago in relation 
to this subject, said : "There is no strength whatever which can possibly be given to 
a gun which the immense force arising from unequal expansion by heat will not be 
sufficient to overcome." 

720. "It is evident that if the friction of one projectile passing out of the gun raises 
ihe temperature of the interior, if a sufficient interval should elapse it would return to 
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it8Donn«I temperatuiw agBiD in ttme. If two ehota were fired iii quick hucc 
heut would be commaDicated aud retained in the interior of the gau thaii if oaiy one 
was flred ; and if a large □□mber of rounda, 30 or 40, abonld be Bred in qaicb encces- 
sion, with the expandiug prujectileN, heat eoongb might be evolved to weld the shot 
to the metal of the ^n or iuhU it. Not so, however, with the Wiard shot, called 
"mechanical fit " (irojectilea. These do not change their form iu the gan or eipand 
in the gruoves, hnt pass out with the same diamet«r uud form thej have when ia- 
aerted, an «aiilly and freelj, because the friction ia no greater. Therefore, even if 
the bore abonld be enlarged in diameter at the seat of the shot, and tapered thereby, 
the effect would be to only make the shot fit more loosely in the gnn at (hat part, 
and slide out along the rifle grooves more easily, without any tendency whatever to 
unequally beat or burst the gun. Thia is the principal feature of my systeuj of 
rifling, and of the projectiles adapted to it; and knowing that expanding projt^ctilsB 
have a greater tendency to burst the gun under rapid linng, which my projectiles da 
not, I am anxious to see the two iiystems tested by firing the guns in competition, 
with equal rapidity, for at least thirty rounds. If that test prove* to be one that 
either or both the guns cannot stand witbont bnretiug.it being the real teat of battle, 
is it better to find it out now. Wore (140,000,000 are expended for a useless armament 
of the fortifications, or to wait until the gun issiirmnnded by patriotic soldiers orcit- 
tzens in actual battle array, defending their homes against an invading foe I The ex- 
panding projeotile and the syetem of rifling adopted for the Crispin patent gntka are, 
the most unmechauioal devices that ever were conceiveil by any person in the world 
for a practical purpose." 
721. " Senator Allison. Is that in use in this country and in Europe alsof " 
732. " Hr. WiASD. We have now no other projectile in this country that is irfBciallj 
adopted by the department." 

723. In 1876 1 concluded a series of experiments to determine th6 beet 
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form of point to projectiles for the penetration of iron defenses. The 
diagram graphically shows the result. 

724. The hemispherical-headed shot required 88 units of force to pene- 
trate iron even of a thickness equal to the caliber of the gun. The coni- 
cal or ogival pointed shot required 66 units ; the lenticular or mitten shot 
form of point 42 units, and the triangular or bayonet point 31 units of 
force. 

725. On account of the improved form of point in the triangular 
I)ointed shot, it was able to pierce iron with about two-thirds the force 
required for the lenticular or mitten shot form of point. 

726. But this was not the only advantage resulting from the improve- 
ment in the form of point to the projectiles ; in four cases out of ten 
the hemispherical-headed punch, made of cast iron, with which the ex- 
periments were made, broke in puncturing wrought iron of a thickness 
equal to its diameter. 

727. The conical or ogival pointed shot broke in six cases out of ten 
in puncturing iron one and a quarter times as thick as its diameter. 

The lenticular punch broke once in ten times in puncturing iron one 
and a half times as thick as its diameter, while the triangular pointed 
shot only broke once in ten times in puncturing through a tMckness twice 
its diameter; which shows that with this improved form of shot the work 
it is capable of performing is expended on the target and not internally 
or within itself, as was the case with all the others. 

728. Shots made of this form and of steel tempered in oil can be forced 
through a greater thickness of iron defenses than any other that can be 
made. 

729. A practical plan for making steel projectiles of this form cheaply 
has been devised. 

730. A cylindrical shell, centered mechanically, fitting with the same 
windage band and the same twisted triangular lorm of point, has been 
designed to carry a large exploding charge for use against earthworks 
and unarmored ships. The body is slightly subcalibered to avoid the in- 
jurious effects which arise from the upsetting at the middle of the length 
of projectiles of this kind, and fixed ammunition of spherical shells 
have been devised, strapped to an improved sabot in such a manner 
that the straps, which are made of soft brass of slightly less thickness- 
than the windage space, center the projectile in the bore of the gun, 
while projections on the wooden sabot fit into the grooves so as to guide 
the straps centrally on the lands midway between the grooves. 

731. By these devices the injurious effects upon the gun and the shell, 
resulting from the upsetting of the shot indentation of the bore of the 
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gun , balloting and retarding the projectile by Motion , are entirely avoided,, 
while improved precision and higher velocity to the projectile are secured- 
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732. The following was elicited during my examination before the 
Senate subcommittee on appropriations, having charge of the fortifica- 
tion bill, 7th January, 1881 : 

733. ' * Senator Allison. Are these smooth-bore guns sufficiently strong to endure this 
rifling in the body of the gunf 

734. ' * Mr. WiARD. I have no doubt of it whatever. It is supposed that rifling weakens 
a gun greatly, but it is well known to persons in the habit of estimating the strength 

of cylinders subject to an elastic pressure from within that any tube closed at the 
-ends and subjected to elastic pressure from within hi&s twice the strength to resist 
transverse rupture that it has to resist longitudinal rupture. If it should burst it 
would naturally, by elastic pressure, split lengthwise. If the groove of the gun was 
lengthwise and parallel with the axis of the bore it would weaken it. but as it goes 
across the axis in a spiral around the outside it is nowhere any great distance length- 
wise of the gun in the parallel of the axis to the bore ; consequently, it affects the 
gun very little." 

735. ** Senator Allison. What is the virtue of your process of rifling— just what you 

have described T " 

736. "Mr. WiARD. There formerly were two grooves. I now adopt three grooves. It 
is in centering the projectile in such a manner that the upsetting, when the force of the 
powder acts against it, only changes its form very slightly. If it is a sperical projectile, 
it shortens its axis, which coincides with the bore of the gun and increases its diam- 
eter. I have some photographs of it here. The fact is that in the old method by 
the upsetting of the shot, it is done in such a short space of time that it indents the 
bottom of the gun and does great injury to it, then rebounds and strikes the top, 
and it goes balloting up and down until it gets to the muzzle and escapes. I adopted 

the plan of supporting the projectile centrally in the bore, so that when the shot was 
inserted the body of the projectile did not touch the gun at all, and if there was anv 
upsetting it was not near the surface of the bore, and if upset sufficiently to touch 
the bore it would touch it all around alike. The windage was exactly the same at 
the bottom as at the top." 

737. ''Senator Allison. Your system of rifling and your projectile must go hand in 
hand!" 

738. ''Mr. WiARD. Yes." 

739. ''Senator Allison. That is to say, you have invented a projectile which meets 
your system of rifling f The one must be a part of the other f " 

740. "Mr. WiABD. It is a mechanical- fit projectile: that is, it fits into the rifle-grooves, 
and has the same form when it comes out that it nad when it went in. It does not 
change its form in the gun. A projectile that does not permanently change its form 
in the gun creates no friction and does not jam in the bore. On the contrary, the 
expanding projectile is liable to wedge its sabot up between the ri^id body of the 
projectile and the wall of the gun, and has a great tendency to burst it." (Sen. Mis. 
Doc. No. 44, Forty-seventh Congress, first session, p. 19.) 

741. If snch powder as I have described and such centered mechanical 
fit and centered spherical projectiles had been available for use by the 
government from 1859 to the present time, all the great cast-iron guns, 
rifled and smooth bore, includiug mortars and flank defense howitzers, 
purchased at a cost of from 9f to 25 cents a pound, could have been 
procured at a cost no greater than 6^ cents a pound, for that was the 
<^ost of such guns except for the Eodinan royalty and the patent mo- 
nopoly. 

742. It would have been no more difticult to procure rifle guns of large 
caliber than smooth-bores, and not less than twenty millions would 
have been saved to the Treasury. 

It is not too late to utilize these important inventions now, since all 
other schemes have failed; but if it is done at all it must be done at 
the suggestion of this committee. 

743. The Getty Board has not recommended any change from expand- 
ing projectiles and ^^poudre brutale,^^ and the Chief who commands acorps 
of sixty official inventors and owners of patent*, on which the anticipated 
royalty amounts to three times as much as the total cost of arming the 
fortifications de novo on a practical plan, ought not to be expected to 
desire a change to another, even a better plan. 

744. The owner of the Eureka projectile, in a communication to the 
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Senate subcommittee on appropriations in charge of the fortifications, 
said in a written communication published with the report: 

[Letter of Mr. Arrick, pp. 70, 80, Mis. Doc. Ko. 44, Forty-seventh Congress, flrst session.] 

745. ** In the act approved May 4, 1880, for tbe fortifications and other works of de- 
fense a lari^e appropriation was made for subjects, including projectiles, and lu the for- 
tification bill of the House now pending before the Appropriation Committee of the 
Senate, another large appropriatiop, iucUiding projectiles, is under consideration. 
It is evident that no other projectile is contemplated by the Ordnance Department 
except the officially patented ones, under these expenditures; nor is it probable that 
any other or better one will hereafter ever be purchased while all the expenditures 
for ordnance of every kind are subject to the control of a rin^ of official inventors 
and their assignees, the manufacturers of the guns and projectiles paying royalty to 
the officers of the Ordnance Corns." 

746. ''For the armament of the fortifications of the United States not less than 
300,000 rifled projectiles are required, and tbe total cost to the government will be not 
less than ^,000,000, of which not less than $20,000,000 will be the gross profit." 

747. '^ Such a magnificent sum should not be expended or disposed of by interested or 
irresponsible persons. Some guarantee should be required from those who have the 
disposition of the money, no matter how excellent the reputation of the agents of 
the government might be for integrity. The reputation of our Ordnance Corps has 
been frequently questioned. The commissioners on the purchase of arms, Messrs. 
Holt and Owen, in their report on case No. 103, Capt. T. J. Rodman, official inventor 
of tbe Ordnance Corps, and Charles Knapp, his assignee, and manufacturer of ord- 
nance, said : — '' 

748. *' As officers in charge of government establishments enjoy great advantages in 
maturing designs suggested by their current duties, they do not stand in fair compe- 
tition as sellers of patent rights with those not having such advantages. If these 
valuable inventions thus made and matured are sold to citizens who may claim a 
degree of remuneration according to the government need of the invention, in the 
end the government pays more for such inventions than if made by others, and may 
thus be injured rather than benefited by the possession of such a class of ingenious 
officers." 

749. "Article 1002" (of the Army Regulations) ** forbids any officer or agent in the 
military service to purchase from any other person in the military service, or make any 
contract with any such person to furnish supplies or services, or make any purchase 
or contract in which snch person shall be admitted to any share or to any benefit 
therefrom." 

750. "The seventh of the conclusions of the Joint Committee on Ordnance of the 
Fortieth Congress, Report No. 260, Senate, third session, page 60, says:" 

"That no officer of the Array or Navy should be allowed to receive a patent for any 
article required, or likely to be required, for use in those branches of the public 
service, or to be in any way interested in the manufacture or procurement of such 
articles. * * " 

751. "8th. That the Ordnance Department of the Army can be entirely abolished 
with great ailvantage, as to economy, and without detriment to the good of the service. 
The duties now performed by the officers of that corps could be performed by officers 
detailed from the artillery service, under the direction of a chief stationed at Wash- 
ington. In this manner the whole expense of the ordnance establishment would be 
saved, and artillery officers, who have not only scientific training, but practical ex- 
perience, would have a voice in the selection of the guns and ammunition they are 
required to use." 

752. " Senators, it is not to be believed that, with such statement of facts before you. 
Congress will continue to appropriate money for the armament of fortifications in 
large amounts, annually, if it is to be expended by a corps of official inventors for 
the promotion of their own pecuniary interests and without regard to the public in- 
terest. Some new system must be adopted or some new mode of controlling and 
directing the expenditures, which will secure the best and cheapest articles for the 
use of the government, else the Treasury will be swamped, and when we come to be 
assailed by a foreign enemy we will find that all the treasure that has been devoted 
to the preparation for the national defense has been wasted, and worse." 

753. " Instead of complying with the earnest and oft-repeated request of the Chief 
of Ordnance for the amendment of the patent laws so as to legalize obtaining of patents 
by officers and agents of th^ government, and officers and members of ordnance 
boards, the criminal laws should be so amended as to enjoin upon district attorneys 
and grand juries the prosecution of ofifendera who take advantage of their official 
positions to impoverish their more honorable competitors and rob the Treasury. By 
the present system the genius of our inventors is discouraged, the i)re8tige of the 
nation endangered, and the public enemies encouraged*'' 
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I PageH 27 and 28, Hia. Doc. 44, Forty -aeTenth Congress, first session.] • 

754. Senator Beck. Now, coming back to the money you are expending at this time 
the board adopted the patent of their president, as I understand you to say, and you 
are now constructing four guns of that patent? 

755. General BENfeT. We are now constrnctiug four on that system. 

756. Senator Bkck. What is his pecuniary interest in these guns? What is his 
patent wonh to him in the construction of these four guns? 

757. General Benkt. Ah far as I know it i$ not worth to him one cent, 

758. Senator Beck. Why did he get the patent,' then ? 

759. General Bsn^t. In the Army, as in other professions, we like to have the credit 
of whatever we do, and I expect that Colonel Crispin, who is considered a very inge- 
nious man and a man of great ability, has, as Mr. Wiard has stated, invented a great 
many things and iiatented them. 

760. Senator Bkck. I see from the list laid before us that your ordnance officers 
have twenty -two or twenty-three different patents among them. 

761. General Bkn^t. Very likely ; but I presume they are not for guns. 

762. Senator Bkck. Two officers have twenty-two patents. 

763. General Ben^t. There may be more than that. 

764. Senator Beck . You say that Colonel Crispi n takes out a patent, pays the expense 
of doinff it, and attends to it, all for nothing, cnarges the government nothing for it, 
and it does not increase the cost of the gun. 

765. General Ben^t. With regard to the gan, / (2o not believe it increases the cost of 
the gun one dollar. I am not aware that there is one cent in regard to the matter at all. 

766. Senator Beck. Yon think, therefore, that all these patents recommended by 
and presented before us as being owned by these Army officers are taken out pnrely 
for glory, without any compensation. 

767. General Ben^t. No ; I will not say that. Take the Butler projectile 

768. Senator Beck. I am on Colonel Crispin now. 

769. General Ben£t. / do not know that tnere is a dollar paid to him. 

770. Senator Beck. Do you know there is notf 

771. General Bbn£t. / do not know there is not, but I do not believe there is a cent 
paid in regard to that matter. I make contracts for guns after gathering all the infor- 
mation I can from the parties concerned, and the officers that have examined them, 
and for all these guns I make the contracts mvseif. As to money being paid for any 
patent right, or any invention on these guns, that is something I never nave heard of 
either directly or indirectly, and know nothing about. 

772. Senator Beck. Coula the manufacturers manufacture them without the pat- 
entee's consent, or could the government use them without his consent, without pay- 
ing him, unless by an infringement of that patent? 

773. General Bbn^t. I think, from an opinion of the Supreme Court, that an officer 
can take a patent on anything as well as anybody else ; that if you brought it before 
the courte, the government would be liable, because an officer is a citizen of the 
United States, and there is nothing in the Constitution or laws that prohibits or ex- 
cludes an officer fromgettiu^ a patent. 

774. Senator Beck. Certainly not. 

775. General Ben^t. Another thing. / do not know that there is a cent paid, and J 
do not believe them is ; but / know nothing abaut it. 

776. A count>erpart to this is found in the testimony of another Ghiet 
of Ordnance on the same subject. 

[See Rep. Com., "So. 266, Fortieth Congreu. third secsion, pages 53 and 54. ] 

Extract from testimony of Brig, Gen, J, B, Dyer. 

January 18, 1868. 

By Mr. Butlkr: 

* « ' « « . • « « 

777. 1. Question. What is the amount that is paid, either in percentage or in 
gross, as you may remember, to General Rodman f 

778. Answer. I do not know that anything has been paid. / have no knowledge of any 
amount having been paid. 

779. 2. Q. As a royalty on his gunf 

780. A. None at all, I have answered that question ^n writing as fully as I could. 

781. 3. Q. That may be, sir. 

782. A. / have no knowledge whatever of the matter, 

7d3. 5. Q. How many hundred thousand dollars' worth, within bounds, have yon 
ordered of the Rodman gun since you have been Chief of Ordnance T 

784. A. I do not rementber. 

785. 6. Q. Many hundred thousands? 
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786. A. Yefl. 

787. 7. Q. AmountlDg to millions? 

788. A» I do not know whether amountiDg to Diillions or not. 

789. 11. Q. Then, in contracting for many hundred thousand dollars' worth of ord- 
nance, you made no inquiry except what you saw in the printed testimony taken by 
the Committee on the Conduct of the War as to whether the price was increased by 
a royalty paid to an officer of the Ordnance Department ? 

790. A. / never knew that this was paid to an officer of the department. 

791. 12. Q. Or because of a patent ff iven an officer of the department f 

79$j. A. I had understood this, and 7 did not make any further inquiries; had under- 
stood several years ago that this entered into and constituted a part of the cost. 

793. 13. Q. What proportion of the cost of a piece of heavy ordnance would one 
cent per pound be as an average f 

794. A. Something like one-twelfth, I suppose. 

795. 1J6. Q. Did not yon know Mr. Rodman was interested one-half in that royalty f 

796. A. I had no other knowledge than from hearsay : I believed it. 

797. 27. Q. That he had one-half! 

798. A / believe he had one-half, 

799. To attempt to legislate on the subject of improvement in ord- 
nance without due consideration of the malign influence official inventors 
and official patents exercise over the subject, would be like attempting 
a representation of Hamlet with the title rdle left out. 

8(K). The cliaracter of the guns contemplated in my proposals for ex- 
periments forms an essential feature of my project. 

CANNON MATURED AND IMPROVED BY AGE. 

801. The government has on baud about 2,000 obsolete guns. Part of 
these are loinch Bodman smooth bores, 10-inch Bodman smooth-bores, 
8-inch Bodman smooth-bores, 8-inch rifles converted from 10-inch Bod- 
man guns by lining with a tube, and two or three calibers, 100-pounders, 
200-pounders, and 300-pounders, Parrott rifles; all of them ''of no 
earthly use against ironclads" in their x>resent condition. Many of 
these guns are supplied with or mounted on iron carriages in good and 
sufficient condition, and a considerable amount of spherical shot and 
shell is to be found stored in the forts and arsenals, which can be 
utilized in canying out my project for the armament of the fortifica- 
tions. 

802. These guns were all, or most all of them, cast many years ago. 
None of them have been fired more than a few proof rounds ; many of 
them have never been fired at all, but that is not objectionable. They 
were all cast upon fairly uniform principles, and have been seasoned by 
age, by years of exposure to the annealing influences of changes of tem- 
jierature from night to day, from summer to winter, and vice versa, 

803. A chapter for which I secured admission into the report of the 
Joint Committee on Ordnance, Fortieth Congress [1868J — I am not newly 
come into this business — is suggestive of the advantages of annealing of 
great guns by ages of exposure to the elements. I reproduce the chapter 
here entire : 

[Pages 188, 180, Rep. Com. No. 266, Fortieth Congress, third session.] 
"time and TKN8ION8 — EFFECT OF TIME ON TENSIONS." 

'^Extracts from ** Experiments on Metals for Cannon and Cannon Powder," Rodman, p. 28. 

Report of Captain Rodman, January 30, 1867." 

804. '* These results appear to leave no doubt as to the superiority of the hollow over 

the solid cast guus while new; what effect time may have upon them can only be ascer- 
tained by experiments; but it is difficult to understand how time could ever so far 
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change their relative endurance as to cause the solid cast guns to surpass those cast 
hollow iu this quality." 

805. ^* The only effect of time is supposed to be to relieve the metal from the strain to 
which it has been subjected in cooling, it not being supposed to effect any change iu 
its actual character." 

806. ** It would, therefore, appear to be reasonable and safe to predict that the utmost 
effect which time could produce would be to bring their endurance to an ecinality ; 
and should this be found to be the case, which is not probable, it would still leave 
the hollow cast gun suj^erior to the other ; as it is believed that it may be mounted 
for service as soon as finished, and relied on for at least 150 rounds, for 10-inch guns ; 
while the solid cast ^n cannot be relied on for a single fire when new; nor can aoy 
limits, below which it shall be safe, be with any degree of certainty assigned to it 
after any lapse of time." 

807. '* The cause of this difference is believed to be that the hollow cast gun is so 
far relieved from strain in cooling as to remove the possibility of its ever being in- 
jured in that process ; and the more perfect this relief, the more nearly will the en- 
durance of the new gun approach that of the same gun after any lapse of time." 

808. '* While in the new solid cast £[un it is certain that the interior is under a very 
heavy strain which reouires time for its removal ; and there is no certainty that this 
strain has not been sufficiently ^reat to produce either actual cracks, or such a degree 
of molecular separation in the interior portions of the gun as no lapse of time will 
remedy." 

809. ''That good solid cast ffuns may be made is not doubted, for they have been 
made ; hut that it is poseible to distinguish before the trial the safe from the unsafe gun is not 
heliewd,^ 

" Report an the effect of time in removing strains caused hy the unisqual cooling of heavy iron 

castings, — Major Wadifs report J^ 

Pittsburgh, October 12, 1852. 

810. '' Sir : Since my report of the 24th of January last, on the manufacture and ex- 
treme proof of 8-inch and 10-inch columbiads, Major Bell has completed the extreme 
proof of two 8-inch columbiads, cast in 1846. The extraordinary endurance of these 
two ffuns induces me to submit some further considerations upon the subject." 

''The mechanical tests and the endurance iu firing of the three 8-inch columbiads 
are as follows : " 



Cost and proved in 1851 

Cast in 1846 and proved in 1852 
Cast in 1846 and proved in 1852 



Density. 



7.287 
7.247 
7.220 



Tenacity. 



37,811 
29,423 
22,989 



Number of fires 
endnred. 



72 

2,682 

800 



811. "The form, dimensions^ weight, method of casting and cooling, and the man- 
ner of proving were the same m all. It will be seen tiiat the gun made of the strong- 
est iron, with a short interval of time between itsmanufacture and proof, endured the 
smallest number of fires : and that those made of weaker iron, but proved long after 
they were cast, eudurea the greatest number of fires. This remarkable feature in 
these trials suggests an inquiry as to the cause of such anomalous results." 

812. If I had unrestricted control of the United States Treasury I could 
not procure a sufficient number of guns, so seasoned by age, and suitable 
for my project as those od hand. The successes achieved on Nut Island, 
shown in "T/i6 Review ^^ already before the committee, could not have 
been obtained except with gvins seasoned by age, as those I used success- 
fully on that occasion were, and even with such guns no part of the 
success could have been obtained except with projectiles such as would 
not change their form permanently in the gun, and which were supported 
centrally in the bore with windage all around alike. 

Projectiles of such fonuy that the upsetting under the action of the 
severe powder used in tremendously heavy charges would not result in 
swelling their outer ends to such an extent as to bring any part of the 
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surface of their bodies into Tabbing or indenting contact with the surface 
of the bore to abrade it or create undue friction. 

That I did obtain these favorable and necessary conditions by design^ 
and not by accident, is conclusively proved by the uniformity of results. 

813. An astute Senator, referring to these results during the debate 
on amendments to the naval appropriation bill at the end of last session, 
said: 

814. ** 7%«00 things have onoe been aooomplished; they have been aooomplUhed fry design; 
they have been aooomplished through the genius of an American citizen; and, having been once 
accomplished, they can be accomplished again, l^hat has been done on scientific principles 
with certain results, of course can be repeated. If the Government of the United States can 
aet the advantage of such inventions, such enterprise, and such exhibitions of genius at so 
little cost, I can see no rtason why we should not avail ourselves of the opportunity.** 

815. Despairing of ever getting my valuable inventions utilized other 
wise, I had made a proposition to convert fourteen guns, conduct an elab- 
orate series of costly experiments near Washington openly, furnish afloat 
ing battery, 160,000 pounds of iron target, powder, projectiles, imple- 
ments, iron carriages, labor materials, transportation, &c., all at my own 
cost, entirely without cost to the government, except the supply of the 
guns to be converted, which were to be returned after conversion and 
proof. Of this the Senator said: 

816. ** These fourteen guns can be taken of obsolete pattern, as I have observed, vritb 
four j^nn carriages and instruments to measure the velocity of the projectiles, and they 

can be converted, experimented upon, and returned. * * * They can be returned by 
the 1st of March, 1883, the government losing nothing at all, and gaining the advantage 
of the experiments and the proof of the fact whether or not these experiments are to be 
made successful in the armament of ships and the heavy forts upoD the coast.'' 

817. ^^It is useless for us to undertake to build a navy, as we all confess we must do^ unlhss 
we have some better armament than we have now. The truth is we have not an efficient gun in 

the United States Navy to-day as against the iron-clads of Italy, of Spain, of England, Ger- 
many, or even Chili. We have not an efficient gun in the American Navy.'' 

818. In the course of the debate the same Senator said further: 

819. *' The proposition which was admitted is one of very great value, I think, to the 
country. That is my opinion about it. Of course it is not the opinion of an expert, 
a scientific man, but it is predicated upon a state of facts which is unquestionably true, 
and which, being true, reveals the most important discovery, 1 may say, that as yet 
appeared in the history of the world, as I conceive, in the framing of guns and pro- 
jectiles of heavy caliber." 

820. " The particular plan upon which this is sought to be done has been heretofore 
experimented upon under the supervision of officers of the Navy, and thefa^t, as revealed 

by the experiments which the officers of the Navy themselves have reported to the government, 
is ** that the inventor has succeeded in penetrating fifteen inches of iron and fourteen feet of 
hard gravel in addition unth a charge of only seventy pounds of powder, a performance which 
has never been equaled, not even approached with less than three times the charge of powder, 
even mth a gun of one-third greater weight and nine times the cost." 

821. The amendment prevailed, but adverse influences caused it to be 
rejected in a conference between the two houses of Congress. A patri- 
otic citizen of great wealth, having unprotected millions worth of prop- 
erty in New York, had promised me financial aid in carrying out the 
enterprise if I could secure official recognition of my experiments and 
the supply of the guns by act of Congress; but that fact was not re- 
spected by the lobby of the ordnance wing, the project failed asstated. 

822. After twenty-two years of steady pursuit of the project of improv- 
ingordnance, during which I have expended about one million of dollars 
for experiments principally from private resources, unaided by the gov- 
ernment (in fact the opposite, for there is due me for expenses incurred, 
material furnished, and labor performed for the government under con- 
tracts made and fulfilled in 1861, 1862, and 1863, nearly half a million of 
dollars), and in consideration of the remarkable results of the l^ut 
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Island experiments, I feel confident that I am not asking too mnch to 
claim a carefdl unprejudiced consideration of my proposal laid before 
the committee, and the reasonable appropriatiation of $200,000 for the 
experiments specified therein, and $100,000 for converting 200 guns of 
those matured by age, if the experiment succeed as before. If this is 
done I confidently believe it will result in the solution of the ordnance 
problem. 

Eespectfully, 

NORMAN WIABD. 
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February 1, 1883. 

communication of norman wiard. 

The Chairman submitted the following coinmiiDication from Norman 
Wiard : 

GUN-BURSTIIN^G CONSIDERED. 

The Rationale, the Mode, and the Remedy. 

" It is the unexpected borating which doea the mischief."— Admiral Dahlorkn. 

" It is better that millions should be expended in time of peace and from »m overflowing treaaory 
than that a single gnu should burst in action."— T. J. Kodmax, Cktptain qf Ordnance. 

" It has been a primar}- principle in making cannon that the larger the caliber the leas was the proba- 
bili^ (I might say certainty) or its endurance." — ^Admiral Dahlgkkn. 

an k8say forxned upon theory, reading, original study, and practice. 

By Norman Wiard. 

[Written for tlie information of the Senate S^ect Committee ou Ordnance, January, 1888.] 

823. Senators of the Select Committee on Ordnance : I have 
devoted twenty-one years of the best part of my life — more than one- 
third of the whole of it — to the solution of the ordnance problem. 

Beginning in 1861 (Augast 1) with a better than ordinary practical 
experience as a worker of metals in large masses, and with a good rep- 
utation for mechanical skill and invention, I had alremly fabricated 
from my own designs three complete batteries of steel rifled cannon for 
field service, under a contract awarded me on the 28th day of May of 
that year. The guns were ready for service on the 1st of July, and were 
actually inspected, approved, commended, and received from^^e on the 
3d of July, by the parties with whom I made the contract, representing 
the city of New York. 

824. On the 1st of August, 1861, 1 undertook to fabricate a large num- 
ber of steel 50- pounder Dablgren guns for the Navy. 

825. The guns were made quickly and skillfully in strict conformity 
with the ''drawings and directions" supplied to me by the Ordnance 
Department of the Navy, the drawings and specifications having been 
prepared by Captain Dahlgren. 

826. The guns were essentially Dahlgren guns. In design, caliber, 
outline, and dimensions they were identical with those finished pre- 
viously at the Washington navy-yard und^r Captain Dahlgren's per- 
sonal supervision, except that those of my fabrication were made of 
steel, which had a tensile strength of 90,000 pounds to the square inch 
of section. Those made at the navy-yard were made of^ast iron, hav- 
ing a tensile strength of about 28,000 pounds. 

827. If guns of both kinds had been subjected to hydraulic pressure 
in competition alone, without any other quality of force acting to burst 
them, those of my fabrication, as I made them, would have been four 
times as strong as the ones made of cast iron at the Washington naVy- 
yard. 

828. Any of my guns, strong as they were, could have been burst on 
a cold day by inserting a red-hot bar of iron, cylindrical in form, into 
the gun. 

829. A cast-iron gun of the same model and dimensions, cast solid and 
cooled entirely from the exterior, however slowly, could not be readily 
burst in that manner; while a Rodman gun cast hollow, and cooled 

S. Rep. 969 15 
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from the interior is liable to burst spontaneously, as it were, on aceoont 
of the tension inaugurated by cooling, except it has been long exposed 
out doors to the annealing process of exposure to the elements for years, 
and to the changes of temi>erature between winter and summer, night 
and day.^ 

H30. The guns were essentially Dahlgren guns, and the department 
selected the material of which they were to be made under the mistaken 
idea, as it afterward x)roved, that the strongest material would make 
the strongest gun. 

831. The following is the order u]K)n which the work was undertaken, 
but in aildition to this it was by verbal agreement understood that a 
large number, not less than fifty, would be taken: 

fForty-flret CoogteM, flret sewioD, Senate Ex. Doc. Ko. 12.] 

**BrREAU OF Ordxanc'e and Hydrography, Navy Department, 

** Washington Cit^, August 1, 1861. 

832. '^ Sir : In answer to your proposals of yesterday *8 date, I have to inform you 
that the bureau, being desirous of procuring rifled cannon for the use of the Navy at 
the shortest possible notice, will purchase guns of your fabrication of semi-steel: Pro- 
vided, 

833. " 1. That the guns made shall conform strictly to the directions and drawings here- 
with presented. 

834. "2. If you will offer five guns made as above stipulated, the bnreau will re- 
ceive them, subject to pro}>er inspection, and, if accepted, pay you at the rate of eighty- 
five C(*nt8 (85c.) per i>ound. 

835. '*3. It is to be distinctly understood that the bureau is to be the judge of your 
compliance with the conditions of the agreement, and binds itself to the purchase of 
DO more than may be ordered from time to time. 

S36. "You will please notify the bureau if you accept the terms herein specified. 
"Very respectfully, 

"AND'W A. HARWOOD, 
" Chief of Bureau Ordnance and Hydrography . 

"Mr. NOBMAX WiARD, Washington, D, C." 

837. And the following additional order was received : 

[Forty- first CongnrfM, first seanon. Senate £z. Doc. No. 12.} 

"Bureau of Ordnance, Navy Departmkxt, 

'* August 7, 1861. 

8iW. "Sir: The bureau wishes to contract with you to mal^e some semi-steel how- 
itzers, 12-pounder8, to be made aft^r a model gun which will be forwarded to you by 
express. Will you please notify the bureau whether you will undertake it? 

8:^9. "The gnus to be made subject to such inspection and conditions as provided 
for in your other agreement. 

" Verv respectfully, vour obedient servant, 

"A. A. HARWOOD, 

''Chief of Bureau. 
"Mr. Norman Wiard." 

[Extract of letter frffa Chief of Bureau. Htatine a lar^e number of guns will be wanted (report of Joint 

Cummittee on Orclnunee]. 

"Washington City, D. C, August 12, 1861. 

840. "While, as I explained to you, it would be impossible for the bureau to state 
the exact number of rifle cannon and howitzers required, / take this opportunity to 
repeat to you that a large number will he wanted^ and, as they are wanted directly, the 
establishment which can make them quickest and of good quality will necessarily have 
the most to do. The order mil be renewed as soon as the bureau hears from you of the com- 
pletion of each batch of five of the large guns ; and it will be the same case with regard to 
the howitzers, provided you can carry on the work at both, at the same time, without 
retarding the delivery of the larger guns, which will be most wanted. 
" Very respectfully, vour obedient servant, 

"ANDW A. HARWOOD, 

" Chief of Bureau. 
" Norman Wiard, 

"136 East Thirty-third Street, Xetc York." 
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" BuRKAU o? Ordnance and Hydhoouaphv, Navy Drpari 

" Ifaihington Citg, Auguil 28, 1361. 
841. "Sir: In agaentittg to the making of Jive moreiteel gun* by your egfablUAmenf itwfta 
nnderstood between im that tlie gnoH marie nuder thitt new order nre ta be puid for 



aocor<liD)c to the reduced rates proposed b, , 
842. " I mast also remark that Iha receplioi 
proof, aud therefore any expedition which tu 
iBentirely at their own risk. 
Very reapectfully, 



lely, 80 centH per lb. 

IS itependt ncceMarily upon Ike 
o the maiiafacturers 



ae nHNS depen' 
a deHirable t 



"Mr. Norman WiAitH, 

" l;ki Ea>t Thirly-lhird Sireel, A'eic York." 
(Forty-first Congress, first sestion, senate Ex. l>oc. No. Vi, ) 

843. The following shows the model of the guns as desigoed by ad- 
miral Dahlgren [Fig. I]. They were 50 pounder rifles, caliber 5.1 iachea. 



The blocks of steel from which they were made weighed 8,000 poonds 
each — the liirgest solid masses of that material that bad at that time 
been fabricated. 



"BnRBA.u or Ordnance and Hydrography, Navy Dbpaktment, 

" IFaikington CUs, AugMtl 6, IBGl. 
U44. "giit: Herewith yoa will Hod transmitted a dr»ll of gun to be m^e, acoord- 
JDg to your agreement, of semi-sl«el. 

845. " It is desirable that tlie bureao should have, after the iirst giin is finished, 
epecimeos by which the tenacity aud density of the metnl may be established. 

84U. " Care mnat be taken in the fabricatiijii to verify the preponderanoe of the 
bneoh for about 700 pounds before furnishing the trunnions. 
" Very respectfully, your obedient eervaut, 

"A. A. HARWOOD, 

'• Chief of Bureau. 
"Norman Wiard, Esq., 

" !fo. 136 Matt Thirtg-tkird Slreet, New rork." 
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847. Thirteen of these uO-pouoder guns were made, aud 22 of the 
smaller boat howitzers, when the bureau directed one of the guns should 
be submitted to extreme proof. It was llwd 490 rouuds, and then, being 
ill good condition, the authorities determined to accept it. 
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" Bureau of Ordnance and Hydkography, Navy Department, 

" fFashington City, October 18, 1861. 

848. "Sir: 1. The bureau accepts the trial guu recently tired by the Inspector of 
Ordnance, and you are requested to complete the remaining fifty-pounders with all possible 
dispatch, 

849. "2. As soon as the guns are inspected and proved, they are to be delivered at the New 
York navy- yard, 

850. " 3. With reference'to your proposition for finishing Vll^-inch rifles and Xl-inch 
shell-guns from rough castings, the bureau will authorize Commander Hitchcock to 
make whatever arrangements he may dt'era expedient, in view of carrying out the in- 
terests of the government, and he will likewise be directed to communicate with you 
on the subject. 

**Very respectfully, 

''AND'W A. HARWOOD, 
" Chief of Bureau of Ordnance and Hydrography, 
" Mr. Norman Wiard, 

** I3(i East Thirty-third Street, New York,'' 

861. The above letter is from page 35, Ex. Doc. No. 11, Forty first 
Congress, first session. 

852. This gun was fired with service charges of fine powder, 5 pounds 
to the charge, and with expanding projectiles (Hotchkiss patent) 
weighing 50 pounds each. It wa8 fired with great deliberation, with 
long intervals between the rounds; at every tenth round the bore was 
washed out, carefully examined, and measured. It was found^o be en- 
tirely unaffected by the firing, except that the vent was enlarged. 

853. Two other of the 50 pounders and five boat howitzers were then 
fired, ten proof- rounds each, and, being uninjured, were accepted and de- 
livered at the navy-yard in accordance with the instructions of the 
bureau. All the above guns were fired with deliberation. 

854. Two other of the 50-pounders were afterwards fired rapidly on 
an extremely cold day accompanied by a sleet that cov^ered the guns 
with ice. Each burst at the ninth round, having been fired at the rate 
of nine rounds ea«h in four and a half minutes ; another was found to 
have a slight flaw in the bore, which prevented the insertion of the second 
shot and it was withdrawn from official test, but was however fired 
with deliberation to note if any enlargement of the defect resulted. It 
withstood the test and was removed to the works, afterwards subjected 
to a very severe private test — triple charges of powder, 15 pounds — and 
a bar of iron turned 5 inches in diameter and as long as the bore of the 
gun, so that when it was inserted it protruded at the muzzle a distance 
equal to the length of the cartridge. This gun was fired in a stone 
quarry at the foot of Thirty-eighth street. East River, New York, and 
was laid on skids with the muzzle pointing t4)wards the rock face of 
the quarry with the end of the projectile abutted against the rock. The 
gun was thrown back about 40 feet and turned a somersault. The 
cylindrical bar was reduced in length by upsetting about 5 inches, and 
had been expanded into the grooves of the rifle, filling them completely 
for a considerable partof the length of the bore. The gun was uninjured. 

855. Another of the lot remaining on hand was subjected to the same 
ordeal, but previous to rifling the long projectile abutted against the 
rock as before, jammed in the bore, and was not ejected; nearly all the 
gas developed by the combustion of the large charge of powder escaped 
through the vent. The long projectile was removed by boring, the same 
as if it had been part of the original forging for the gun. 

856. The gun previously referred to as defective, in which the original 
flaw was found, and which was withdra^wn from inspection, was after- 
wards loaned to various parties having projectiles newly invented to 
test, and wa« used at West #oint for that purpose, as the following 
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shows. But there was alicays long inUrvals between the shots during 
all the firing. 

(Extract from testimony of Cliffbi-d Arrick before the Joint Committee on Ordnance.] 

857. "Q. What do you know, if aiiytbiDg, in relation to the Wiard semi-steol 50- 
pounder guns made for the Navy in 1861, in relation to their strength, endurance, or the 
workmanship exhibited in their fabrication ? — A. One of the guns made by Norman 
Wiard at New York, a semi-steel 50-pounder (Dahlgren model), was taken by Stafford 
& Ward to West Point in the fall of 1863, and was used by them in some experimental 
firing to t«8t the quality of the Stafford subcaliber projectiles. This same gun had 
been once before at West Point for the purpose of testing the projectile project* of 
Horace Day, and had been provided for that purpose with an additional vent some 
four to six inches toward the muzzle, and in all these experiments the gun was sub- 
jected to extraordinary test, and such as it would not be subjected to in service with 
the ordinary charge and service projectiles. Great confidence was felt by all parties, 
including the officers, I think, who sometimes attended the firing, in the capacity of 
this piece, and it seemed to undergo every ordeal to w^hich it was subjected without 
exhibiting the least evidence of weakness or deterioration, and was in as good con- 
dition at the close of the experiments as when first mounted. The workmanship (in- 
ternal and external) seemed to be of the highest order, and I think thi^ gun, to be 
used for the purpose of testing the strength of projectiles under the action of heavy 
charges and quick-burning powder, was of great value to the government and the 
parties using it. The apprehensions felt by the Chief of Ordnance of the Navy De- 
partment (Captain Wise) as to the Parrott rifies used for the same service did not 
seem to be entertained by anyboily as to this gun. Very frequently Captain Wise re- 
quired these same gentlemen to ^ive bonds for the safety of the Parrott guns when 
the same kind of projectiles aiid lighter charges were used. More than one Dahlgren 

fun, I believe, was destroyed in this way, but the Wiard one referred to seemed to 
ave no guardian and to need none. Nor did it seem to have or need any friends. It 
was Bubject-ed to all sort^ of outrage, and proved equal to every emergency." 

9i^. The guns which burst broke into three fragments, as shown on the 
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cut. When the guns were thus opened the ru[)tured surfaces exposed no 
flaws ; on the contrary, a uniform fine crystalline tejf ture. Upon rubbing 
the tips of the fingers across the surface fine sharp i)oints were found 
projecting, which scratched the skin as if with hundreds of needle points, 
indicating superior strong metal. The oflScial inspector who was pres- 
ent said : 

{From ike tegtimony of R, B. Hitchcock, b^orti the Joint Committee on Ordnaneet relating to protffqf 

Wiard guns.] 

859. "Q. And if a first gun of a class stands 1,000 rounds, you are ready to accept the 
others always upon the test of the 10 rounds f — A. Yes ; 10 rounds always. Those 
numbers are fixed. I have no remembrance whatever now of any defects being found 
about these guns that would cause one to be picked out as inferior to the other. 
There have been no guns presented to the government that presented a better appear- 
ance than they did. 

8B0. ^^Q. Did you find that gun deteriorate under the experiments of extreme 
proof If — A. It st-ood remarkably well. 

861. ''Q. I think you said that some of these Wiard guns, fired with &-poand 
charges, burst at 10 rounds? — A. Yes, sir. 

862. " Q. Did those that burst show any defects, either in the welds or b> exhibition 
of lamina) ? — A. I think not, sir. 

863. At the time the guns referred to burst, thirteen of the50-pound- 
ers had been made and (80,000 had been expended for appliances, ma- 
terials, labor, &c. 
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[From the record of the Joint Committee on Ordnance.] 

"West Point Foundry, 
''CoU Spring, N. Y., December 23, 1861. 
*^ Norman Wiard, Esq., Neiv York: 

864. '^ Sir : I am directed to furnish you with the information contained in the 
following letter : 

"BufeEAU OF Ordnance and Hydrogjiaphy, Navy Department, 

*^ WaHkington City, Deoemherld, 1861. 

865. *' Sir: The bnrean desires you to inform Mr. Norman Wiard that neither the 
50-pounder cannon nor the semi-steel rifled howitzers will be received by this depart- 
ment. 

"I am, very respectfully, your obedient servant, 

"ANDREW A. HARWOOD, 
" Chief of Bureau of Ordnance and Hydrography, 
" Commander R. B. Hitchcock, 

" Inspector of Ordnance, Cold Spring. 

866. No part of this large outlay has ever been reimbursed by the 
paternal government under which we live. The two guns delivered at 
the navy-yard were afterwards sold at auction by the Kavy Depart- 
ment. The money received from the sale"\^a8 covered into the Treas- 
ury. Some false reports were made to Congi'esa by the Chief of the 
Bureau of Ordnance, Navy (Capt. H. A. Wise), and which it is easy to 
prove by documents over his own signature were false, as well as that he 
knew they were false — and yet the maker of the guns has never received 
one cent for them, although the Constitution provides that, " private 
property shall not be taken tor ])ublic use without compensation." 
Ordnance authorities in this country are contemptuous of the law and 
are seemingly without respect for truth or justice, as 1 have shown in 
previous papers presented to this committee. 

8G7. The same Chief of Ordnance who caused my property to be sold 
testified as to the regulations relating to the reception of guns from 
makers. ^ 

{Extract from the evidence of Capt. H, A. Wise. Chief of the Bareau of Ordnance, before theConimit- 

.tee ond the Conduct of the War, page 27.] , 

868.. **An8wer. » * * We enter into an agreement with a founder to make, say, 
50 guns. We then determine the quality of his metal, and he is obliged to lay in 
enough of that metal to jnake 50 gnus of the caliber agreed upon. We watch the 
treatment of his first gun closely, as, in fact, every other; but we select one of the 
first five guns and subject it ro a'powder proof of the ordinary service charge up to 
1,000 rounds. If the gun docs not break or show signs of undoubted weakness under 
this firing, then we pay for the gun aud lay it aside as the standard. The remaining 
49 guns, which must all conform to the standard, we prove by firing 10 service 
' charges." 

869. So it can be seen that arbitrary re|?nlatious, as well as the laws 
and the Constitution, are violated when it suits the purpose of such 
persons. In relation to these premises, I said, near twenty years ago : 

[From the memorial of Norman Wiard.] 

870. "It ^x)uld not be that the failure of one, two, or thi-ee guns, of a large num- 
ber intended to be manufactured of a novel material aud of large size, could be ac- 
counted by the Ordnance Department of either branch of service a sufficient ground 
upon which to declare a contract for the manufacture of guns anunlled, and thus 

violate the good faith of the government and disregard the rights and equities of a 
contractor. In this case the contractor, as well as the department, apprehended some 
failures in the production of the first lot of gnus, the government taking the respon- 
sibility of the plans, aud the contractor only engaging to faithfully execute them. 
The department well knew — it could not help knowing by the reported results of ex- 
periments conducted at government expense — how uncertain was the production of 
safe guns of large caliber of any material. The history of all attempt* to prodace 
such guns in this or in any other country is a history of failures. The large rifled 
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gauB in United States service are principally those of Mr. Parrott, and the records of 
actual service show them to be utterly unreliable — nay, more dangerous to those using 
them than to an enemy. Witness the first attack on Fort Fisher alone. Hundreds of' 
his guns have failed in proof or in service, exhibiting a most remarkable lack of uni- 
formity of endurance ; and even his trial guns, of some calibers, have exhibited less 
endurance than the trial gun submitted by your memorialist, which withstood the test 
before mentioned (490 rounds) without any injury whatever. Nevertheless the de- 
partment neither abandoned its contract with Mr. Parrott, nor was he asked to refund 
any portion of the large amounts paid to him under the same. Several of the X V-inch 
guns burst in the Fort Pitt foundry spontaneously, before they could be submitted to 
proof at all ; and many of them approved as trial guns have exhibited but low en- 
durance during experiments; yet large numbers of them have been taken, put into 
service, and, upon their failure, no annulment of contract has followed, nor has any 
demand for restitution of payments been made." 

871. Although I have never been repaid for my outlay in a commer- 
cial sense, I learned something in relation to the cause of the bursting 
of guns worth more than all I expended. 

872. The government too has lost more than $50,000,000 through the 
failure of its agents to appreciate the value of the knowledge secured 
by me while I was engaged upon this and cognate enterprises, and by 
the resistless force of circumstances the government has had to pay and 
imy, but not to me. It owes me just as much as it did on that a<3Count — 
but of that no matter now; a mission was indicated for me; 1 have 
labored on it ever since, and have refused to be diverted from it. 

Slti. While I was engaged upon the steel guns Captain Dahlgren was 
engaged in making cast iron guns of the same model and caliber at the 
Washington navy-yard, and Mr. Horatio Ames undertook to produce 
wrought-iron guns of the same the caliber according to the sauje drawings 
and directions as those nndei: which I was working, and Captain Parrott of 
the West Point foundry furnished his first 100-pounder simultaneously 
with my first steel 50-pounders. I wa« informed by the Navy Department, 
soon after I began operations, that two of Captain Dahlgren's 50-pound- 
ers had undergone an extreme proof, each having endured 1,500 rounds, 
(but did not then inform me that others had burst after a few rounds). 
The firing of one of them was still continued. As the tensile strength of 
his cast iron was only between 27,000 and 28,000 pounds to the square 
inch, while my guns were beiripf made of steel of which the tenacity when 
tested proved to be between do,000 and 100,000 pounds to the same area 
of cross-section, I confidently expected tliat guns of my fabrication would 
prove far more effective and powerful than any othersof weaker material. 
The wrought iron gujis made by Mr. Ames were fabricated of material 
having a lowest tenacity of 60,000 pounds to the inch of sectional area. 
Inasmuch as the bureau had notified me that " the establishment which 
could make them quickest and of good quality .would necessarily have 
the most to do," I did not hesitate to exert myself, or to invest largely 
in such appliances as would hasten the work. I had my first gun ready, 
except rifling, in twenty-eight days from the date of my order to begin. 
My competitors [one of whom had the United States Treasury to back 
him] were each more than a year in producing their first guns. Mr. Ames 
testified — 

[Extract from nflidavit of Horatio Ames, clat+'cl Washiuiftou, April 4. 1863, from report of Joint Com- 
mittee ou Onlnance.] 

874. **An(l deponent further shows that, under the understanding and aj^reement 
made as aforesaid, he did at once proceed to divert and employ his entire works and 
his entire capital of §400,U0(), giving liis entire time, attention, and labor, in invent- 
ing and making the necessary tools and machinery, &c., with an expenditure of some 
ninety thousand (90,000) dollars, and the employment of an average of fifty (50) men 
per day for over a year, to produce five (5) sample guns as required, having failed on 
eight (8) different guns before succeeding in getting one gun tit to deliver and stand 
the necessary tests and proof." 
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875. My first conclusion after seeing my first gun burst was that the 
metal had deteriorated while undergoing the forging, although all the 
indications were that it was very strong. I caused test pieces to be 
taken out from different portions of the gun which, when submitted to 
test, showed tenacity above 90,000 pounds. I caused several specimens 
to be cut out twelve inches long and half-inch square, which at my re- 
quest were drawn out cold into wires, each nearly half a mile in length, 
by Mr. Roebling at his wire works at Trenton. Having such tenacity 
and ductility the wonder was why the guns burst without first enlarging 
in the bore. As it is an axiom in mechanics that '* everything bends before 
it breaks," I applied myself at once to the solution of the problem. 

876. I fired a number of small guns [12-pounders] made of the same 
material as rapidly as i)ossible for a large number of rounds and until 
the firing had to cease lest the heat of the gun should prematurely 
ignite the charge, but in no case did any one of such guns under such 
firing burst. I then burst two large guns by heating a long cylinder 
of iron slightly smaller than the bore and inserting suddenly into the 
bore. The guns burst in both cases after a few minutes. On one occasion 
I had heated a shaft of iron of proper size white hot and inserted it into 
a 42pounder gun, w^here it remained 16 minutes; the gun did not burst. 
I was about to remove it for reheating when I noticed that the gun was 
pretty hot on the outside; I threw a bucket of water upon it, when it 
burst with a loud report. Before I had progressed far with my pre- 
liminary experiments, I prepared and read a paper on the subject 
before the polytechnic club of the American Institute, New York (June, 
1867). Mr. Horace Greelej' was present, and requested me to communi- 
cate the substance of my remarks to The Tribune for publication, which 
was done; this was soon after reproduced in a pamphlet illustrated with 
the Tribune cuts, and, 1863, Mr. Alexander Holly requested permission 
to republish the same article in his " Oitinance and Armor." The fol- 
lowing is quoted from Mr. Holley's work : 

877. "Mr. Norman Wiard, of New York, has treated the subject with great ingenuity ; 
his views and iUustrations wiU be found in the appendix. Other authorities * have 
referred to the effects of rapid firing ui)on the durability of cannon. Mr. Mallet says : 
"The expansion of the interior of the gun, acting: tangentially, exercises against its 
rigidly resisting exterior a powerful splitting strain. The elongation of the interior 
of the chase, from the same cause, drags or forces the exterior to elongate along 
with it." 



HOW G UXS B URST. 
By Norma> Wiakd, Esq. t 

878. When gunpowder is fired from a gun, two prominent phenomena 
are to be observed: the wonderful expansive force which ejects the shot, 
and the heat which results from the combustion of the powder. 

879. Let us exhibit the effect of heat on metals by a familiar experi- 
ment. Pour boiling water into a glass tumbler; the heat, communicating 

* Mr. Longridge says: ''This is, probably, the cause of guns being more liable to 
burst when they get hot. It is not that tlie iron is weaker, for Mr. Fairbairn has 
shown that up to 600^ the strength of caht iron is not materially diminished ; but 
when the gun is heated, the gunpowder gets wanned and burns more rapidly, and 
the force is generated and applied more suddenly." — Construction of Artillery ^ InsL 
C. JS.j 1H60. 

t** Great Guns; the cause of their failure, and the true method of cenRtnicting 
them."— Norman Wiard, lb63. 
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moreqaickly to the thin sides than to the thick bottom, breaks the glass 
from unequal expansion. If we wish the tumbler to withstand the sudden 
communication of heat, we must make it everywhere thin alike, so that 
the heat may pass through it uniformly and quickly. Hot water may 
theft be poured iuto it with impunity. • • ♦ 
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880. Now this unequal communication of heat has a similar effect 
upon large guns. Tbi^ may also be illustrated by a glass model of a 
gun (Fig. 4), which, although strong enough to withstand a pressure on 




the inner surface of 4,000 pounds to the inch, \Yould be broken by the 
insertion of a heated rod of iron of smaller diameter than the bore, even 
though so inserted as not Xjo come in contact with its sides, and not ac- 
companied by any pressure against the surface. • • • If, however, 
after waiting a time/or the model to he nlowly heated throughout its ichole 
massj the outer surface of the gun be touched by the wetted finger, the 
evaporation of the moisture will make the heat sufUciently unequal, and 
the model will break. This example may exhibit the direct cause of the 
bursting of the 100-pounder Parrott gun, on the steamer Naugatuck, on 
the James Kiver, before Fort Darling, when other guns of the same kind 
on the steamer Galena, though fired with great rapidity, and oftener, 
did not burst; all of which may be accounted for by the fact that it was 
raining at the time, and that the gun of the Xaugatuck being on the 
upper deck and exposed to the rain, was subjected to a more unequal 
heating than the guns of the Galena, which were between decks. I 
have stated that guns are more likely to burst when fired on cold or rainy 
days, and offer the following examples in corroboration : First, two large 
ateel guns, of my fabrication, burst under such circumsUinces ; then this 
example of the gun on the Naugatuck, and two guns referred to in the 
table,* are among many other similar cases I have noticed. 

881. There being two forces acting upon the guns which burst, one 
the direct pressure of the gases evolved from the powder, and the other 
resulting from the expansion of the inner metal of the gun, both forces 
acting in the same direction, and nearly at the same time, it would seem 
difficult to show one to be pre-eminently the cause of the fracture. 



•Mr. Wianl con8truct>8 a table from experiments reconled by Captain Rodman, 
showing n much greater emlnrnuce of gum with proof rounds \n fair tlian in rainy 
weather. 
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882. The fractures of large guns upon improved models, with a light 
chase and heavy reinforce, that have burst with the service charges, 
are curiously alike in their direction, running through the center of the 
breech and reinforce, to a point usually forward of the trunnions, and 
branching off at either side, generally breaking the gun into three great 
pieces. This direction of fracture holds, whether the gun has the out- 
lines of the army columbiad (Fig. 5), of theDahlgren gun (Fig. 6), or of 




Fio. 5. 




Fk;. 6. 

the Parrott gun with its strong wrought-iron reinforce, and whether 
the gun be made of steel or of cast iron. It would scan^ely be expected, 
when the Dahlgren guns burst, with this great thickness oif metal about 
the breech, that the fracture would occur through the cascabel, where 
the metal has more than twice the thickness exhibited in the army co- 
lumbiad, but this i^rincipal direction is usually the result. 

883. Guns sometimes exhibit additional fra-ctures to those represented 
above, and this occurs when the thickness of metal is continued farther 
forward towards the muzzle, having the same effect as if a tire or strong 
band were placed upon the gun at the place where the fracture usually 
branches off to either side, thus delaying the longitudinal fracture until 
the expansion lengthwise of the inner metal is greater than the eldsticity 
and ductility of the reinforce ])ermit when the cross fracture occurs. It 
may be said, then, in brief, that the fractures at right angles to the plane 
of the bore are caused by the lengthening of the inner metal about the 
bore by heat, while the outer metal remains the same length, or with 
less expansion of length, until ruptured, and that longitudinal fractures 
are due principally to the enlargement of the inner metal by heat in the 
direction of the diameter, or radially. If the gun be parallel all the way 
to the muzzle the cross fractures will occur more frequently along the 
reinforce, because in that part it is exposed to the highest temperature, 
and, consequently, the greatest expansion of length. * • • It is a 
corroboration of this theory that the guns of the Dahlgren model, with 
more than double the thickness of metal behind the chamber, though 
made of the strongest material, should break in the same direction, for- 
ward of the trunnions, but sometimes exhibit only cross fractures (when 
made of cast iron) to the rear of the trunnions. It is evident that the 
model is best in which the direction of the fracture is least uniform, but 
a properly constructed gun should not burst at all. 

884. The gun, however, is usually broken through the breech — the 
strongest part of the gun — and beyond the range of the pressure, which 
is, of course, limited to the bottom of the bore or chamber. The dia- 
gram (Fig. 7) in Captain Kodmau'si book, p. 43, exhibiting the various 
kinds of strain to which a gun is subjected at each discharge, considers 
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the gun as if made up of staves, and really exhibits only the strain from 
the expansive force or direct pressure of the powder, bending the staves 
outward; and page 47 of the same book, by diagram (Fig. 8), the direc- 




tion of fracture due to such strain, not through the breech, but running 
at an angle to the plane of the bore. 



, Fig, 8. 



'C3^ 



885. To show that it is improbable that the direct pressure of the 
powder should be the cause of fracture, as exhibited by the gun actu- 
ally broken by firing, prepare three plates of metal, say 4 inches thick, 
12 inches wide, and (>() inches long, with plane surfaces; the middle one, 
on being heated to l,600o, will be found expanded one-sixtieth part of 
its length, or will be 01 inches long. On placing it between the other 
two (Fig. 9), a part of its heat is immediately communicated to their 




contiguous surfaces only. The expansion of one surface of the outside 
plates, while the other surfaces remain cold, warps the latter to the 
form of a segment of a circle. Now, supposing them placed upon the 
diagram of a burst gun (Fig. 10), the center metal of which has been 



Jiff/a. 




heated by the combustion of powder, it is evident that the fracture in 
the particular direction exhibited must have resulted from the unequal 
expansion of the gun by heat, and a diagram exhibiting these curves, 
the result of this expansion, will be exactly the opposite of the curves 
on the diagram by Rodman (Fig. 7), and will account for the breaking 
of the gun through the breech beyond the range of the pressure made 
by the powder (Fig. 11). 
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886. That tlie fracture almost always iDtersects the veut lias been 
heretofore referred to the weakaess resultiog from drilling away part of 
the metal, hut on i)age 355, Major Wade's Reports on Metals for Guns, 
we find that after ii.gun had been put to extreme proof, and exhibited 
sigDB of fracture, a hole was drilled one inch forward of the base-ring 
and four inches from the line of the veat to a depth of four inches, and 
of the diameter of one and a quarter inches. The gun was then fired 
with double charges of powder, and with a bore full of balls and wads. 



t=c 



eleven times, to bursting. Altbongh the piece burst into more than 
twelve fragments, one of the fractures intersecting the vent, it did not 
split through the large hole, showing that the gun had strength to resist 
the preaeure of the powder, but burst, notwithstanding the drilling 
awa.v of so large a part of the metal, from the communication of heat. 
The true cause, probably, of the intersection of the vent by the fracture 
was the communication of heat to the surfac* of the vent, thereby ex- 
panding a column of metal about it. The surface of the larger hole 
was not so heated and expanded. 




887. There is a further corroboration of this theory to be found on 
page 13 of "Eodman's Reports." Here, Pig. 15, we see a large gun which 
has burst by the throwing off nearly one-half of the 'reinforce. On the 
diagram is seen a cross-section ou the line a b, which shows a thin point 
or tongue of metal left standing attached to the principal unbroken p^rt 
of the gun. If it was the direct pressure of the powder gases acting 
outwanis against the surface of the bore to burst off half the reinforce, 
why was this tongue of metal left! Surely a pressure against the bore 
sufficient to carry the larger and heavier part would also have burst 
this outward ; but it seems to have been left at the time of the acci- 
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deDt as n witness to prove tliat it vas not tbe pressure of the gases ot 
the powder wbich portbrined tbe principti work of burstiDg the gnu. 
888. Mr. Hoiley, paragr<ipli 333, says : 

SriS. "Mr. Wianl pro]iofeii l<i retiiutly this caase of failure id two wuts: IhI, by 
sbaping tliL' ifim eo that it cuti rxpanil witlioat nxvcHsivn straiu. This plau will bo 
KfHrreil to uiiiler the hmul of cast iron (.^^l). 'id, Mr. Wianl |>ropt)seH to Diake the 
tabes of a gun o( diltVireiit iiielniB, nrrniifceil with reference to their ruMpective elongft- 
tion by hnut. An inner tube of Bterl, although in direct contact with the heated 
gtutea, would not f-Kpiind much more tlian an outer, less exposed tube of bronxe ; eo 
that the JniliAl strain would be little disturbed." 
890. Aad oil page 327 proceeds to »Iescribe tbe first plau referred to: 



^I. "Mr. Wi.mid's plan. — Mr. Norman Wiard, whose ingenious and imp<irtBnt 
speculatiooB on tbe burstiUK of guns by the heat of tiring have been rererred toiu the 
foregoiat; chapter, has reci-ived a larjie onler for heavy cannon, baseit upon the endur- 
ance of either one of two test gnns. The engravings illustrate the general features of 
his "plan, but not the exact proportions ; these are the subject of extended experiments 
and calcnlatiuns not yet perfected." 



(oBa 



Fl'i. 18, —Draw in, 



) have the same diameter and length of bore as the navy 
le incbes greater extprnal diameter, and is to weigh 43,000 
s may be cooled Uniformly by natur passing ihrongb the 
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Flu. 17. —The iloulile pi-ajectile. 90U pouiitla. The Hnt eiperlmental gun u made. 

■es betwetn tbe ribs, and in the bore, upon Captain Rodman's plan. The eiterior 
rt or reinforce, beint; thicker than the other parts, wiH coot laii after cutting, and ia 
this means intended to conipretia the barrel with snch force as to bring all parti of 



238 HEAVY ORDNANCE AND PROJECTILES. 

the metal into equal Htrain at the instant of firing, according to Professor Barlow's 
formnla. The ribs are curved in both directions, from front to rear, and from the 
inner barrel to the outer hoop or reinforce, so that they can spring enough to allow 
the inner barrel to expand both longitudinally, and the intention is, radially, by the 
hear, of firing, without strainimf the structure. The ribs also yield, during the process 
of casting, under unequal contraction, due either to unequal cooling or the chemical 
difterence in the metal. They are proposed to be stiff enough to resist the pressure of the 
powder, and sufficiently flexible to bend under the greater force of expansion — ^a rorce 
limited only by the ultimate strength of the metal. The elasticity of the whole struc- 
ture would be greater than that of guns without ribs. 

Hilt). ''This gun will uudoubtedly cool without serious initial rupturing strains. 
The whole practice in founding, especially in founding car- wheels (which a cross- 
section of the gun resembles), warrants this conclusion. A plain disk wheel, not an- 
nealed, can only be stretched or compressed, and so broken or greatly strained in 
cooling, and therefore goes to pieces under Nervice. A gnn, when so corrugated as to 
bend in cooling at some thin part intended to be bent, instead of breaking or being 
severely strained at some part that cannot be bent, endures more hard service than 
would be ordinarily expected of cast iron, 

894. 'Tor the foregoing reasons, the strongest iron may he employed. It has already 
been shown that a pure, high iron, of great tenacity, shrinks too much to make a safe 
casting by other plans. But car-wheels are cast as sound from the highest and strongest 
iron as from a weaker iron, because ample provision is made for it to change its figure 
more or less, as required, without strain. 

895. '' Upon the proper tension and strength of the reinforce, as modified by its 
large diameter, the heat of firing and the elasticity of the parts within it depends, 
after all, the chief strength of the gun. 

896. "Comparing the reinforce with an equal thickness of metal on the exterior of 
Caiitain Rodman's gun, the former is cooled on all sides to prevent, as far as possible, 
unequal shrinkage, and is carried in two directions to prevent unequal and injurious 
strain due to what unequal shrinkage there may be. The latter is cooled (in practice) 
only from the inside, so that its exterior surface is strained and weakened. It appears, 
then, that the former would be in a better condition to stand the tension, in which case, 
too, the tension can be the better regulated. 

897. "The official report alraady quoted (376) is evidence that the out«r part of the 
Rodman gun is drawn into compression by the subsequent shrinkage of the interme- 
diate metal. It cannot be put into the desired tension except by cooling the gnn 
exclusively from within ; and this can only be doue by keeping the mould at a tem- 
perature of 2700<3 — a process so difficult that it has' not been realized in practice, 
but there is nothing to draw the corresponding part of the Wianl gun — the reinforce 
— into compression. All the parts inclosed by it have already cooled and set. 

H98. ''In other words, the part that cools last regulates the strain of the rest. The 
interior and the exterior parts of the walls of the Rodman gun cool independently, and 
without any great strain ; then the intermediate metal cools and puts strains into them 
which are just opposite to those retiuired. But the reinforce of the Wiard gun coola 
last, and it it shrinks most, must compress the inner tube, and be itself drawn into 
tension — the required condition, 

899. "As to the strain due to expansion by the heat of firing, suppose the reinforce 
and the barrel to be put uuder such respective initial tension and compression that 
the force of the powder would strain them equally and as much as they would safely 
be in service; if the ribs yield under the pressure of the powder, the barrel may be 
stretched to the breaking point before the reinforce is stretched to the same point. If 
the ribs do not yield umler the pressure of the powder, then they will not yield under 
an equal pressure from the expansion of the barrel by heat, up to a pressure equal to 
the pressure of the powder — will act directly to stretch the reinrorce, which had 
already been stretched as much as it will bear. Up to this point the case is similar 
to that of a solid gun. Beyond a pressure equal to that of the powder, the ribs may 
yield to the pressure by heat, without straining the reinforce as much as it would be 
strained in a solid gun. 

900. " But the barrel will not be heated as much as the corresponding part of a solid 
gun, because it is exposed to the air on both sides, and presents a large riidiating sur- 
face. Besides, the longitudinal expansion of the barrel is the soiirce of the greatest 
strain, and this, in the Wiard gun, is provided for by the longitudinal corrugation of the 
ribs. 

901. "The largest diameter of the reinforce is not a source of comparative weakness. 

902. "On the whole, it is probable that the barrel and ribs of Mr. Wiard^s gun can 
be cast without serious strains ; that the reinforce can be shrunk upon them with 
some degree of tension; that the strongest iron can be used; and that the guns will not 
be seriously strained by heat. The failure of the first guns, if they should fail, ottght to 
be attributed to the improper carrying out of the principles ; for the present knowledge on the 
subject of cast iron, however imperfect it may be, defines these principles with much clearness. 
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903. That I should have received a contract to make this gun was a 
most alarming fact for the ordnance rin^, and when the first gun came 
to be fired a doctored charge of powder was prepared for it, and it 
burst. 

904. The projectile seen on the cut, Fig. 17, was a double one ; that is, 
two projectiles cast together something like a " dumb bell." It weighed 
900 pounds. When inserted into the gun its length was 23| inches. It 
was not centered or supported centrally in the bore as it ought to have 
been, but lay in contact with the bottom of the bore ; all the windage at 
the top. The powder charge was 80 pounds, only delivered from the 
magazine a few moments before the gun fired at dusk in the evening. 
The Assistant Chief of Ordnance, Navy, boasted that he would furnish 
a charge of powder that would burst the gun, and it did. When 
the projectile was recovered from the sand butt, which it penetrated 
only a few feet, it was found to be upset or reduced in length ^ of an 
incii, or to 22g inches. A burnished spot or band, reaching nearly all 
round, was found four inches wide on the rounded surface of its rear 
half, and a corresponding indentation was found at part of the bore, 
where it lay in front of the powder cartridge. This indentation was 
four inches wide and ^ of an inch deep, extending nearly g^round the 
bore to the top. I caused a like indentation of a surface 1 inch square 
in the surface of the bore of one of the fragments near the place where 
the indentation was made by the projectile, and the force required to force 
down the indenting tool was found to be 40,000 pounds to the square inch. 
The estimated average for that depth of indentation was 80 square inches 
which 80 X 40,000 = 3,200,000 pounds. This misdirected force was alone 
quite sufficient to burst the gun. When I arrived at that conclusion, I 
proceeded, with the full knowledge of the department, to make a second 
trial gun, as was plainly provided for in my contract, and I made prep- 
aration for securing a less severe charge of powder, also for centering 
the projectile in the bore. When the second gun was finished and re- 
ported ready for proof, I received a telegram from Washington, from 
the same Assistant Chief of Ordnance that supplied the doctored pow- 
der, informing me that my contract was annulled. This experiment cost 
me about $70,000, no part of which has ever been repaid, but I learned 
the necessity of centering projectiles in the bore of guns, which forms 
an essential feature in all my later inventions. My contract provided 
for rapid firing, for twenty rounds, after the first heavy proof-charge, 
which, it is believed, this first or the second gun could have withstood 
with centered projectiles better than any other gun ever made. I have 
since, however, developed pluns which, by the use of centered mechan- 
ically-fitting projectiles, create but little friction, and which, being cen- 




Fig. 18.— Whitworth 110 pouncler, with tabe protrading at breech. 

tered, do not come in contact with the surface of the bore at any time 
while being inserted or ejected from the gun, and which do not perma- 
nently change their form in the gun. These enable me to utilize guns 
on hand, and render it unnecessary to provide for avoiding the eft'ects 
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of uHeqiial heating otherwise (see paragraphs 702, 708, 709, 710, 711, 
712, pages 136 and 137), and leave nothing fnrther to be desired. 

905. linring the bombardment of Fort Sumter, two Whitworth 110- 
pounders were disabled, as may be learned from the report of General 
Gil more. 

906. The inner steel lining tul)e shpped slowly back, and protruded 
one inch, as shown on the cut, Fig 18. A remedy for this was proposed 
byOeneral Gibnore, viz, to screw on the reinforce bands hot, and thereb,T 
prevent the tube from slii>piiig within the bands. 

907. The fir^t Arnistruug 300 pounder built up with a tube and bands 
was of this kind, except that the breech piece was screwed in and 
abutted against the end of the tnbe. 



Fig, le.— AnuHtroDK 300-pnDnrler, which bant by blowlDS oat ils breerh Bt the fDntth round, bruk- 

908. This is an example of the futility of attempting to restrain the 
expansion of metals by heat in ail directions. 

909. .Metals expand and contract by increase or decrease of tempera- 
ture with exactly the same force as that with which the same metaU 
resist extension or compression to the same extent at the same normal 
temperature. Therefore with a rate of force which bears a close relation . 
to their specific densities, ])ermaoent elasticities^, and ductilities, when 
a cube (or any form of l)ody) made of metal btMsomes subject to increase 
of temperature it expands heightwise, widtliwise, and lengthwise to a 
known extent (for the common metals used in fabrication of guns). For 
instance, the rate of expansion of a cast-iron cube is for increase of 
temperature equal to 80^ Fah. within temperatures and changes to which 
the common atmosphere is subject. The rate of expansion in all direc- 
tions is one JMMWth of its dimensions — height, width, and length. 

910. If it be restrained IJroni expanding in two of these directions, as 
is the tube or lining of a built-up gun which has strong bands shrank 
upon its esterior, when it is heated it will extt'nd in the one direction 
of least resistance three time as much as if it was permitted to expand 
in three ilirections, us it naturally endeavoi's t4) do. 

911. I u the English gun, shown in the cut No. lit, the tube was flrst com- 
pressed heightwiw! and widthwise by shrinking on the bands. A breech- 
block, as shown by the cnt, Fig. 19, was then screwed in by screw-threads 
cut within the principal n^intbree band and flrmly abutted against the 
rear end of the tnbe, [The gun was then i-eady for an e.xi)eriment to de- 
termine wbicli of the thrre <lire4;tic>iis the exjtanding force resulting from 
afterwards heating the tube, while all the outside metal remained colder, 
and thus with a lower rate of expansion.] The experijnent, which was 
conducted by making a sudden lire in the chamber of the gun (igniting 
the powder charge), and creating a sudden and extremely high expansive 
force between the walls of the gun and a heavy wedging, upsetting, 
jamming, and balloting projectile, grinding against the inner surface of 
the tube, and by its friction, in addition to the eflect of the high tem- 
l>erature of the gases, suddenly raising the temperature of the tube and 
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suddenly expanding it. — The result was that it was proved that the least 
resistance to the expansion of the tube was lengthwise, and, assisted by 
the pressure of the powder gases, it blew the breech out, breaking the 
principal reinforce band in its per se strongest part. 

912. I said lately, in giving testimony before a committee of the Sen- 
ate: 

913. '' It is supposed that the rifling weakens a gun greatly ; but it is well known 
to persons in the habit of estimating the strength of cylinders subject to an elastic 
pressure from within, that any tube closed at the ends and subjected to elastic pres- 
•ore ftom within has twice the strength to resist transverse rupture that it has to 
resist longitudinal rupture. If it should burst, it would naturally by elastic pres* 
sure split lengthwise. If the 'groove of the gun was lengthwise and parallel with 
the axis of the bore, it would weaken it ; but as it goes across the axis in a spiral 
around the outside, it is nowhere any great dist^ince lengthwise of the gun in the 
parallel of the axis to the bore. Consequently it affects the gun very little." 

914. The very gun under consideration, if made of one homogeneous 
piece of steel, and subjected to hydraulic pressure from within, would 
split longitudinally with one-half the force which would be required to 
break it across transTersely, as this gun, Fig. 19, did break. An example 








p 



Fig. 20. 



is found in the reports of Major Wade, Fig. 20, in a gun burst by water 
pressure. This gun, made of homogeneous metal, t. e., metal without 
flaws or lines of weakness on account of welds or like defects, split 
longitudinally. Another example is taken from Rodman's reports. This 




Fig. 31. 



•was one (Fig. 21) of a number of experimental hollow cylinders burst 
by water pressure. All followed the rule I have laid down, and split 
longitudinally. 

S. Rep. 969 16 
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916. The line of fracture ou this cylinder, Fig, 21, branching off to either 
side, bears a remarkable resemblance to the theoretical diagram in Bod- 
man's reports (page 47), copied in my essay on the bursting of guns, 
quoted in this paper from Holley's Ordnance and Armor, cut No. H of that 
series; in neither of these cuts, No. 8 and No. 21, in there any sugges- 
tion of the fact that all columhiads and other cast-iron gnus cast hollow 
or solid have ruptured longitudinally not only along the bore, but the 
fracture has continued through the breech and cascalwl, and thus affords 
a strong argument in favor of the unequal expansion theory. 

916. The following are examples: The first and most striking one, 
Fig. 22, is copied fh)m Wade's reports, and may be found facing page 
64. This was an 8-incfa columbiad, east solid, which burst nnder rapid 
flriog with unstrapped and uncentered projectiles. 




Fio. 2!.— S-lnch nolomblftd. 

917. In Major Wade's reports may be found diagrams showing the 
lines of fracture of 16 guns which have burst; all but two show that 
the fracture extended through the breech and cascabel, the same in 
effect as Fig. 2J. The two exceptions wereo/gung burat by water pressure 
alone. (Fig. 20, ante.) 

918. On page 125, Hodman's reports, we are informed that "the cas- 
cabel dropped off" two of the guns then undergoing test, but it ap- 
pears that this did not interfere with the progress of the experiments, 
and he says, "All the trunnions of both guns are slightly cracked at the 
junctions of the guns aud rim-bases, the left trunnion of the hollow 
(cast) gun apparently the worst. Now these guns were not mounted 
on carriages for the trial, but were slung by chains from a pendulum 
&ame; consequently there was no part of the force of the pressure act- 
ing to cause the cascabels to drop off or the trunnions to crack at their 
junction with the body of the gun. These parts were exposed fully to 
tlie cooling influence of the atmosphere, and did not resiwnd to the in- 
vitation to expand with the body of the gun, as it was heated from the 
interior by tiring. 

Uiy. Captain Itodman informs us, page 131 of his reports, that "the 
guns of 1857" were of the "old model," while "those of 1858 were 
of the new model," • • • " with increased thickness of metal in 
the breech, being over one aud a half calibers [over 15 inches] thick iu 
that part." We find among the platep illustrating the report of the 
Joint Committee on Ordnance, Senate, report committee No. 266, For- 
tieth Congress, third session, Plate IV, with figures showing the model 
of the 13ineh Rodman gun, like Fig. 23, and the line of fracture of the 
gun after it burst, notwithstanding the increase of thickness in that 
part, the fracture^exteuded through the breech and cascabel. In fact 
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every columbiad of old or new model, and every Bodman gun, except 
a few disabled at the muzzle by the balloting of nnceDtered projectiles^ 
haa broken through the breech, the strongest part of the gun, the- 



part least affected by the direct pressure of the gases of gunpowder.. 
Admiral Dablgren adopted in bis designs even greater thickness of 
metal through the breecb. A large number of these guns were made^ 



Mi!. 31.— Dihlgrcn's Titaih rifle. iSO pouniler. 

but as they were used with uncentered and expanding projectiles, they 
were ahandoned; not one of them was ever put into use. 

920, The Joint Committee on Ordnance referred to these guns in the 
following paragraph, page 217, S. Kep. Com. 260, Fortieth Congress, 
third session : 

9Si, " Of four Dalilgrcn 150-pminiler rillen one burat at tbe 27t1i lire, oue nt tlie 
2(itb fire, one at tLn T5tli Hie, aud one at the 6(>th fire." 

932. And in relation to these the Admiral said, page 144, lbid.y 
December 24, 1868: 

9S3. "The mmie of proceeding in proof or eiperimeiit with those gnM hns nut 
been audi, owing to thu iireasnre of circiimalanceB, aa to furniah tbe meiMia of re- 
plying accnnitely in regard to tlie euduraQce of theae rilled cuniioa. 

924. " Some of the guna of difiereut syatenia have exhibited ea durance under lire 
that would satiafy auy requirement of naval aerrice ; and othera of tbi; same kind 
have proved ao inferior aa to destroy confidence. 

925. " It mnat be kept in view that a uniform endurance with lerrice chargre U Ike 
gr&tt daideratum, ecen Ihoagh it be moderate. Thia cannot be supplied b '' 



927. lu the report of the Chief of Ordnance, 1865, wns found thft 
following evidence of misplaced confidence: 

dSri. " Believing that, with out present knowledge of the propertiea of nielale and 
our nkill in working tbeiii, reliable ride guna of large ::alibercBn bemadeofciat iron, 
1 have, with your nanetion, canaed a pair of Ij-inch riHe gnna of the auppoaed proper 
tnodct and weight to be made. These guns are now at tort Monroe, undergoing -" 
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929. No.l of this pair of guns burst at the 80th round, No. 2 burst 
Doceuiber 4, 1865, at the l,()47th round ; neither of these guns were fired 
rapidly. They were cast hollow after the Rodman plan. They were 
tested with expanding projectiles of the Dyer pattern, which had a 
sabot of lead to expand into the grooves and wedge between the ridged 
body of the projectile and the surface of the bore. It required but 
little interior heating to complete the rupture of these guns already 
strained just to the point of bursting, from being cooled from the in- 
terior when new ; cast-iron guns are liable to rftpture from such ten- 
sions. The following is from the report of the Joint Committee on 
Ordnance, 8., page 260, Fortieth Congress, third session : 

* ' SPONTANEOUS RUPTURE. 

939. **Navy 11-inch Dalilgren gun found cracked at Keadiug foundry, before the 
turning was completed, November 10, 1862. 

931. *' Navy ll-mcb Dahlgren gun cracked before the turning was completed, Novem- 
ber 1(5, 1862, at Keading foundry, Pennsylvania. 

9:{2. "Navy 11-inch Dahlgren gun cracked previous to its completion at Reading 
foundry, November 16, 1862. 

933. "Note. — The inspector gravely attributed the premature rupture of these 
guns to the swelling of the sand of the mold by heat. 

934. ''Navy gun 1.5-inch (no number and no date), burst tr/it7e cooling, at the Fort 
Pitt foundry. 

935. ''Army 15-iuch Rodman gun. No. 404, made at Reading foundry, burst open 
nearly the whole length while in the lathe. The explosion of this great gun was at- 
tended with a loud report equal to a six-pounder gun. 

936. '*Army 15-inc'h Rodman gun. No. 419, cast at Reading, Pa., burst in the pit 
after the removal of the core barrel. 

937. "Army 15-inch Rodman gun burst in the pit at the Pittsburgh foundry, having 
split the whole length. 

938. "Navy 15-inch gun. No. 25, sold at auction for cracks in the vent, 9th fire. 

939. "Navy 15-inch gun. No. 26, sold at auction for cavities in the chamber, 9th 
fire." 

940. It can be seen that solid cast guns are liable also to ruptare 
from unequal cooling when new. This tension is however relaxed by 
age, as shown in a previous paper. 

941. This relaxation of tensions by age is illustrated by the familiar 
example of the barrel made of staves, bent when new by the cooper, 
who drives on the hoops to bend and warp them into constrained posi- 
tions. If the hoops should be removed soon aft^r, the staves would re- 
cover their original form had before they were assembled into the bar- 
rel. But these tensions relax with age, and if after waiting a few years — 
the staves would be annealed meantime — and upon removing the hoops 
it would require as much, in fact much more, force to return them to 
their original form than wa« at first required to bend them from it. 

942. The glaciers are rivers of ice flowing down the incline of mount- 
ain gorges with a continued slow current, more rapid in the middle of 
the stream than at its edges, where it is obstructed by the protuberances 
of the banks. These expand out into lakes, where the current also slows, 
and contract again in the narrow gorges with a relatively quicker flow. 
The flow of solids has only received attention from savants during later 
years. Even the most rigid tempered steel will relax its tensions with 
age, the compressed parts flowing, but with extreme slowness — the 
sloth and the snail move with railroad speed as compared with its ve- 
locity — toward the parts extended with even no greater variations of 
temperature than those that succeed from night to day, or winter and 
summer. 

943. The false reports emanating from our ordnance bureaus have done 
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more to establish confideDce in the endurance of cannon than has been 
justified by the real results. The following is an example : 

[From the report of the Chief of Onlnauce, War Department, for 1866.] 

944. '^The experiments which have been carried on at Fort Monroe arnenal to test 
the power and endurance of the 8-inch and 12-inch rifle guns, made of cast iron, by 
this department) are highly satisfactory, and warrant the belief that cast>iroii rifle 
guns, of these calibers, may be introduced into the military service with safety and 
advantage. The 12-inch rifle, throwing a projectile of 600 pounds, and with 55 pounds 
of powder, has been fire<l \^Q0 times. It is believed that no rifle gun of this caliber 
has ever given so great endurance. The further trial of these guns will be continued." 

■ 

945. Before the facts become public, additional appropriations are al- 
ways secured, and all improvement is ignored in the expenditures, which 
are diverts in the main to the emolument of the official members and 
the ordnance ring. 

946. At the date of the report for 1866 only six cast-iron rifles, of 
8-inch caliber or larger, had been made altogether by or under direction 
of the ordnance bureaus, War and Kavy, of "cast iron," two of S-inch 
caliber, and four of 12-inch caliber. The 8-inch guns had both burst, 
as before stated. Three of the others referred to in the 1866 report 
were tested with the following result (see page 143, 8. Itep. Com. 266, 
Fortieth Congress, third session): 

'^ 12-1 NCU RIFUBS. 

947. ''These were castings on the exterior form of lo-inch ^uns, bored to 12 inch 
and rifled. The order was pven August 31, 1863, by Captain Wise, then chief of 
bureau. One of these was rifled on Mr. Parrott's plan, one on Atwater's, and one on 
Rodman's. 

948. **The 12-inch, rifled on Mr. Parrott's methods, burst at the 27th Are, viz : 

949. ''Five charges of 35 pounds of mammoth powder; five charges of 40 pounds 
of mammoth powder; five chafes of 45 pounds of mammoth powder; five charges of 

50 pounds of mammoth powder ; n\e charges of 35 pounds of No. 7 cannon powder; 
one charge of 40 pounds of No. 7 cannon powder ; three charges of 45 pounus of No. 
7 cannon powder. 

950. "Tlie 12-inch gun, rifled on General Rodman's method, was badly cracked by 

16 fires, viz: 

951. "Three charges of mammoth powder, 35 poundn; three charges of mammoth 

powder, 40 pounds ; four charges of mammoth powder, 45 pounds ; four charges of 
mammoth powdery 50 pounds ; one charge of mammoth powder, 35 pounds ; one charge 
of mammoth powder, 40 pounds. 

952. " Shot, 618 to 619 pounds. Gun cracked ; firing stopped. 

953. " The third 12-inch, rifled on Atwater's plan, burst at the 30th fire ; generallif 

lib-pound (harges'y and shot varying from 416 to 535 pounds. 

954. ** The practice was conducted at Fort Monroe by the Army ordnance (1867)." 

955. The fourth 12-inch gun referred to in the 1866 report burst soon 
after the report was made (and it has been suggested even before the 
report which commended it so highly was printed); another 12-inch 
rifle, made under the direct supervision of General Eodmau, was dis- 
abled at the second round at Fort Delaware during the firing at iron 
targets. The charge was 100 pounds of very dense large-grained mam- 
moth powder specially prepared for the trial. But it is to be noticed 
that the first three guns burst with charges only half as great, the 
heaviest in the gun rifled on Atwater's plan — 55 pounds — the greatest 
endurance with the three extended only to the 30th round. There was 
a pretense that these guns were Navy guns, but cast on the Rodman 
plan, and that they were turned over for trial and proof to the War 
Department. Tlie Navy Department did not report their bursting be- 
cause they were burst by the Army Ordnance Department. The Army 
Ordnance Department did not report their bursting because they were 
made /or the Navy Department. 



246 



HKAVY ORDNANCE AND PROJECTILES. 



956. This fact, however, did not "warrant the belief that cast-iron 
rifles of these calibers may be introduced into the military service with 
safety and advantage.'^ 

957. When the chairman of the Joint Committee on Ordnance had the 
above facts brought to his attention, he exclaimed: " Safety to what, 
and advantage of whom?" 

958. In the falsity of character and purpose, the report of the Chief 
of Ordnance, General Dyer, for 1866, finds its counterpart in the report 
of the Chief of Ordnance, General Ben^t, for 1878, from which the fol- 
lowing is quoted: 

959. " The important tests of the 8-inch breech-loading rifle, converted from a 10- 
inch smooth-bore gun, and mentioned as completed under proof, in my ]^t report, are 
still in progress, and up to date 202 rounds (190 with full battering charges) have 
been successfully completed. The endurance sq far has proved satisfactory, and no 
evidences of want of endurance in its special construction have been so far afforded ; 
and we have good grounds for the opinion that it will stand its thorough proof, and 
establish the fact tnat we can convert, after this system, our original smooth-bore 

cast-iron guns into breech-loaders, or produce original breeeh-loading cannon of theheavie$t 
consfruction, using in a short time wholly the products of our own tbunderies and other 
.manufacturing establishments." 

960. Notwithstanding the endurance had proved so satisfactory, the 
second of the lined guns — it was shown by the report of the same Of- 
ficer for 1876— had burst, and in his report of 1878, page 9, the Chief of 
Ordnance, General Ben^t, said of the coils : 

961. '^ Defective welds in the coils are the only elements of weakness, but these de- 
fects are grave, as it is impossible always to detect them iu the manufacture of the 

tubes. The dragging effect of the shot, as it passes through the bore, under the great 
proi>elling force of the powder, is linhle to pull the tube apart at a defective weld and di»- 
'^ble the ^rm." 

962. In the same report, Colonel Crispin said, page 351 : 

^63. ^* The difficulties of securing perfect weldings in coiled wrought-iron tubes 
liave led, in some instances in the history of the employment of linings, • • • 
to the derelopmeut of grave accidents in service (1)^ tubes being blown out and the muzzles 
torn off, all from defective welds.'* 

P64. Coiled wrought-iron tubes being the essential feature of all guns 
recommended for conversion or construction from 1874 to the present 
time. 

• 

965. General Benet appeared before the Senate Subcommittee on Ap- 
propriations January, 1881, to advocate a secoml appropriation of 
^400,000 for Crispin patent guns lined with coiled welded tubes. Mr. 
Hunt, the maker of the guns, also testified before the committee, highly 
i^coramending them, as lined with a coiled welded tube. Well, the 
^uns burst. Then Mr. Hunt, under the excitement of the suspension 
of the South Boston Iron Company, made a most contrite confession, 
as follows : 

[Boston Herald interview witli Mr. William P. Hunt, presiUi-nt South Boston Iron Compauv. Novem- 
ber 20. 1881.1 

9<'(>. ''Wo made a If-iucli breech-loading cannon, and an **- inch one. They wero 
ina<le after what iu known a« the Crispin design. • * • w\v t)^d the best imported i/i^uMf 
steel for the work that was obtainable. The rifled tube made of wrought iron. And 
yet, when the l*2-iuchgun was taken to the proving grounds at Sandy Hook, after the 
firing of only a few rounds, the steel breech broke oiX at its thickest part and blow 
out. The 8-inch gun made in the same way also broke, and its breech blew out after 
firing a few rounds. This method of gun-making is a very expensive one, the steel 
breech costing enormoubly. » * * The coiled wrought-inm tube is about the worst 
form to employ, since it is not only altogether deficient in transverse strength, but has 
a welded spiral lino of over 100 feet exposed to the action of the discharge. • • • 
That the employment of a coiled wrought-iron tube within a heavy steel * ♦ ♦ 
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o tlie n ell-know n 
mbineci. ■ * ■ .A 
9 iocldenta have occiirretl io the gun testa. The more or Ipm i>ee 
opening of welda in every gun tented, and the demoralization of the material at the 
neat of the charge; the cracking from breech to Diuzzle of the ateel tube and jacket 
in one of the early converted guns, " • • the blowing out of the tube of the 10- 
inch heavy mnzzleloading rifle at the fourth or fifth fire, throngb the opening of a 
defective weld, ' ' * to say nothing of the friction anil the enonnoua power re- 
quirc<l to tear off the muz/.Ie of the gun, the body of the gun suBtaiiiing no apparent 
injury; the discontinued proof of the new IS.aVinch rirto after 30 rounds, through 
fear of a similar accident ; the complete cracking through, necessitating early repair, 
of the tube of the 11-inch bieeoh -loading rifle near the seat of the gas check (this gun 
has since burst, after a few additioual rounds, rupturing the steel by blowing out the 
breech, but without injury to the cast iron); * • • i^e destruction, a few days 
■ince, of the new 8-inoh converte<l breech-loader by rupturing at the third fire the 
heavy steel jacket in its thickest part, the gnu body, as usual, being unimpaired. 
Such a series of acciilents or failures cannot certnluly by any ingenuity of reasoning 
be interpreted ns complimentary to either the steel or the wrought iron, separately 

967. Iq ray letterwritteu to the Secretary of War, the Hon. Alexander 
Bamsey, dated 27th July, 1880, three or four months before the contract 
was awarded to the South Boston Iroa Company for the CriBpiu 12-iQCh 
ritled guns lined with a coiled welded tube — without advertising — (at 
least no notice was given to me, although I Lad a proposal far more 
favorable — for the government — dated July 1, before the department). 

968. I said, in relation to the guns converted on the Crispin plan, 
which have since been tested, and burst, as stated by Mr. Hunt: 

969. " One of the merits claimed for the Rodman gun is that the mode of cooluig 
insures a very dense quality of metal for the surface of the Lore, iu contradiHtinotion 
to the solid mode of castiug, which results in porous ami spongy metal in the center 
of the cast block from which the gun is made, as in the Daiilgren gnu. 

970. " This s[>ongy metal, it was claimed by Dablgren, was removed iu the process 
of boring. It is well known that tboru is a region of spongy, porous metal in the 
itodman gun also iu the middle of the moss, half way between the cooling surface 
where the liquid iron freezes last ; and ihr thicker the irofl of the gun tkt t»or» marked 
it the poTority. 



Fig. 25— The Bodman guo, showlug tbe porons rhiI sponsy regioDs interspDinn betweeo tlie coolioc 



Fio. 28.— Cro»s.secliOQ. 
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mer into the end of the core piece — which was about eight inches in diameter and 
thirty inches lon^; — as easily as I coald have driven it into an oak railroad tie, in fact 
its whole length, and deeper, so that I could hammer the soft, spongy cast iron down 
and completely cover the head of the spike." • • * 

972. ''In preparing the Rodman guns to receive the lining} as in process of conver- 
sion by lining with a tube, the bore has to be enlarged, and thereby the dense metal 
surrounding the bore is removed before the tube can be inserted. It is not expected 
that the tube per se is sufficiently strong to resist enlargement; if it is, there is no 
need for reinforcing it with a cast-iron jacket, and but little more utility in indeavor> 
ing to restrain its enlargement by the aid of a jacket which interposes only the spongy 
and porous iron between the exterior of the lining tube and the exterior shell of the 
cast-iron jacket." 




Fio. 27. 

973. Fig. 27 is a reproduction of Plate VIII, from M^or Wade's re- 
port, following page 192, showing actual fissures which were exposed 
when the gun burst. 

974. In a foot-note to page 322, HoUey's Ordnance and Armor, the 
effects of such shrinkages, the result of unequal cooling, are referred 
to, and the remedy, in part, applied by Admiral Dahlgreu. 

975. '^ In a discussion on guns, before the Franklin Institute (1862), Chief Engineer 

Wood said tjiat 'Captain Dahlgren's method to obviate the evil (of strain due to un- 
equal shrinkage) consisted in casting the gun more nearly in the form of a cylinder, 
then turning off the additional metal on the exterior which had caused the strain in 
unequal shrinkage by having been first cooled in the mold. His guns were cast 
solid; then the interior part, supposed to be the weakest, is bored out." — Sdentific 
AmericaUf November 15, lo62. 




Fio. 28.— PUm in half section of theCriftpin patent breeoh-loailers, showing the ft-actnre, "breaking tha 

ateel in its strongest part." 

976. Rodman afterwards followed Dahlgren's plan in allowing more 
metal along the chase, afterwards to be turned off; bat "while the evil 
was ameliorated thereby, it was not corrected for the muzzle-loading^ 
guns. 
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977. In inserting the thicker reinforce jacket for the breech-block 
receiver of guns converted to breech-loaders, the spongy metal wa& 
mostl}' removed, as well as in the new constructions, in all of which the 
heavy steel reinforce was screwed into the cast-iron jacket while it was 
heated for the purpose and expanded. (See cut Fig. 28.) 

978. When the guns burst, Mr. Hunt, who, like the Squire of Hudi- 
bras — 

'^ Could foreten whatever was, 
By cousequence, to come to pass/' 

said, in his Boston Herald interview : 

979. ** We used the best imported steel for the work that was obtainable. The rifled 

tube was made of wrought iron. And yet, when the 12-inch gun was taken to the prov- 
ing grounds at Sandy Hook, after the firing of only a few rounds the steel Ifreech Iroke off 
at \t9 ikickeetpart and blew out. The 8-inch gun, made in the same way, also broke, and 
its breech blew out after firing a few rounds. 

980. ** The employment of a ewled wrought-iron tube within a heavy steel * * ** cast- 
ing is a oomhinatiion wiikont jvsiifioation^ and does violence to the well-known physical prop-- 

erties and characteristics of the metals thus combined,*^ « • * 

dSl. The following is a further quotation from my letter of 27th July,. 
1880: 

982. ** In inserting the thicker reinforced jacket required to support the fermature 
of the breech-loading gun, the error of the procedure in converting cast-iron Rod- 
maa guns is much magnified, and the larger the caliber the worse the result to be ex- 
pected. 

983. '* There is another difficulty which will be encountered in time by our ordnance 
authorities or by artillerists in using breech-loading guns lined with a tube, if such gnus 
riiould be adopted for service without having had the test of battle applied, i. e., th^ 
omcial test of rapid firing before a system is adopted formountlngin the fortifications 
in large numbers. 






J 



Fio. 20.— Crispin patent breech-loaders, oast-iron, lined with a "coiled, welded wronght-iron tube,' 

"and that within a heavy steel reinforce.'* 

984. ''After the expenditure of thirteen millions of dollnrs in the development of 
the ArmstroDf^ system of breech-loading guns, lined with a tube (in England), all the 
guns were cast aside as worthless — not so much because they burst, as many did, 
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although made of the strongest material and in the most skillful manner, as because, 
whenever any gun of the kind, if of large caliber, was fired three or fonr rounds in 
quick succession, the inner tube would expand lengthwise and jam the hreeeh-hlock ao firmly 
that the gunners would hate to wait three or four hours be/ore it could be removed; and it 
frequently happened, upon the hursting of a great gun of this kind, that the directum 
of the line of fracture bore plain evidence that the lengthwise expansion of the inner tube was 
the sole cause^ as in the case illustratc'd by the following diagrams, taken from the re- 
port of the Joint Committee on Onlnance/' (See Rep. Com., S., 266, Fortieth Con- 
gress, third session, Plate X. (Figs. 18 and 19 anle.'i 

985. Among the papers I laid before the Ordnance Board of 1872, 
Colonel Crispin and General Getty being members, was the following, 
page 79 of its report : 

THE ORDNANCE PROBLEM IN ENGLAND. 
[From the Naval and Military Gazette.! 

986. '* It is not known what direction Mr. Gregory's motion as to cast-iron guns is 
to take, but if it arouses a discussion on the endurance of heavy ordnance, much good 
may flow from it. Some persons assert that the war office is fally aware that the 
maximum amount of work is not got out of the material employed (FN. W.) but it is 
reluctant to embark once more upon competitive trials. These add that tens of thou- 
sands are being yearly expended in a system of rifling which, as regards heavier guns, 
limits their endurance to slow firing (TN. W.), with intervals of weeks between every 
few rounds, and even then admits only 100 (f N. W.) discharges from 25-ton guns,- 
with reduced charges of pebble -powder. The admiralty have had their attention 
called to the fact that the whole offensive powers of the Qlatton are dependent upon 
the life of two of these guns ; and as naval warfare demands continuous and quick 
firing^ it is proposed to try whether one of the Glatton guns will endure a whole day's 
practice, firing 100 rounds at a target, with several degrees of elevation. This may 
set at Ast an important point which has never been settled, viz : Whether ships 
armed with 2&-ton guns would not be disarmed by their own projectiles in the mid!st 
of an ordinary naval action. 

987. *' ibid.y May 18. — The alarm felt on board the Bellerophon as to the disinte- 
gration of the 14i-ton gnus while firing at targets in the Atlantic appears to have been 

a little exaggerated. It is quite true that the inner steel tubes have in three cases 
protruded (T N. W.) themselves outside the muzzles; but this is probably due to the 
setting home of the outer coils. And it is also true that in two other guns the outer 
coil presents openings between them in a direction transverse to the bore (? N. W.), 
the separation in one case being 1 foot and in the other case 2^ feet from the muzzle. 
These separations occur just over where the accelerating spiral brings the greatest 
strain upon the rifling (f N. W.). But it is questionable whether either of the guns 10 
really disabled. To the nautical eye, such cracks are not reassuring. No doubt the 
guns would be better without them. 

988. *' There is, as most officers are aware, 'a cemetery of suicides' in the royal 

arsenal, to which heavy guns are consigned which have destroyed themselves under 
fire. Many additions have been made to this cemetery since the parliamentary returns 
of 1866, but we are without exact details as to the manner in which these more recent 
suicides destroyed themselves. The time seems, however, to have arrived when a fur- 
ther parliamentary return might be fairly given, showing what guns have been tem- 
porarily or permanently injured or disabled by firing since the introduction of the 
present system of rifling in 1865; the nature, position, and cause of the injuries; 
whether they necessitated any cessation of firing, and, if so, for how long ; and whether 
the repairs were effected in the battery or ships, or after removal to the royal arsenal. 
To show that there is plenty of material for a somewhat lengt.hy return, we append a 
few examx^les which have come under our own notice; remarking that the list does not 
pretend to absolute correctness, and that it only refers to the home station, and does 
not include the injuries, whether temporary or permanent, inflicted by the wabbling, 
hammering, wriggling projectiles in their ettbrts to escape from guns fired on foreign 
stiitions. The general testimony of naval men that their projectiles almost invari- 
ably make an intermittent pnfiing noise in the air, and display a remarkable waltz- 
ing action in their flight, and not unfrequently break up in escaping from the gun, 
together with the incipient abrasions discovered in the Monarch's 25-ton guns, after 
an average of only thirty-five rounds, warrants the assumption that the above list is a 
very small moiety of the injured guns which the admiralty could produce, if required 
to do so. 

989. ^' A few years ago a 9-inch- gun burst violently on board the Russian frigate 
Alexandra Nwsgi, in the Baltic, killing twelve officers and men, and wounding thirty 
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persons, and seriously damaging the ship. ThiK explosive burst was, at tbe time, at- 
tributed to the gun being made of block-stoel ; but the most cursory view of the 
* cemetery of suicides' at the royal arsenal will show that this is not the only material 
liable to such fearful explosions. AVheuever a projectile jams in its exit from a gun, 
with a heavy charge behind, it matters not what material it is made of, an explosion 
mnst take place. Several wrought-iron coil guns, as well as converted guns, and rifled 
cast-iron guns, have had studded shot wedged in their bore while firing, with conse- 
qaences only not like that of the Alexandra Nwsgi because the guns' crew were hid 
away behind traverses and other safe retreats. We have not inchided in our list 
those explosive bursts which occurred to guns rifled on the various abandoned Arm- 
strong systems. But we may mention the jamming of a lead-coated shot in a breech- 
loading Armstrong-coil gun, 40-pounder, and the jamming of a studded projectile in 
a 9.22 inch Armstrong-coil Hurst gun, as instances of explosive burst under those sys- 
tems. Tbe fearful explosion of the converted 7-inch 6d-pounder of ninety-flve hun- 
dred-weight into seventy-six pieces, which wore flung over an area of 580 yards by 
150 yards, mentioned below, was similarly due to the wriggling projectile being unable 
to get out of the gun, and not to the material, faulty as we conceive it to be, of the 
converted gun. Such an explosion may always be expected whenever the pieces of 
a broken projectile wedge themselves in a heavy gun, whatever material it be made 
of. -Even the improved Armstrong or Frazer-built gun cannot withstand such a 
wedge as was .seen in the case of aii explosive buret of a 12i-ton gun in 1^68, and in 
others now in ihe * cemetery of suicides,' the particulars of which have not reached 
us. 

990. ** Whenever a studded projectile breaksup in a gun through its stud-holes, it is 
a mere accident that the broken pieces do not wedge themselves in the bore across the 
spirals, and the wonder is not that * the most magnificent guns in the world' areocca- 
sionally exploded by the wedging of broken or studded projectiles, but that they 
escape explosion so frequently, and are only disabled temporarily or permanently, or 
otherwise injured by projectiles which so frequently break up in the bore. » * • 
We may shut our eyes like the ostrich by burying our heMis in the sands of secrecy, or 
©njoy the silence or the ofilcial fool's paradise, but nothing is more certain than that 
the present system of rifling frequently canm^s projectiles to break up in the guns, 
that such projectiles have jammed in our guns, and that those guns have exploded 
with fearful violence. — {Ibid.) 

THK ORDNANCE PROHLEM IN TILE I'MTED STATES. 

991. ^* Question. Will you give a brief history of the endurance of these guns? 

992. "Answer. The first 12-inch gun, the only one that has been proved to extrem- 
ity, has been tired, I think, about 4^0 fires. * * * That gun burst, as was sup- 
pose<l, by the jamming and wedging of the projectile in the bore. - » * 

993. *' These guns have both been subjected to extraordinary pressures from tho 
Jamming and upsetting or breaking of the projectile inside of them. 

994. '^Question. Do ordnance omcers all agree that the breaking or bursting of 
the projectile is the chief cause f 

995. '* Answer. No; not that it is the chief cause, for the reason that it ought not 
to occur, but that it is a potent cause when it does occur, especially the upsetting of 
the body of rifle projectiles. 

99(j. "Question. * * # • Why is there no certainty of the cause t 

997. ^'Answer. When a gun bursts, and you find the shot tired at that time to in- 
dicate jamming or >vedging, or you see that it is broken, the presumption is, and I 
think as a rule a fair one, that that was the cause of the bursting of the gnu at that 
round. * My belief is that, after we shall have procured a projectile that is as cer- 
tain in its operation in the rifle-gun as the round shot is in the smooth-bore, we can, 
by tiring to extremity one or two 12-iiicli guns, tix a limit within which the gun may 
be considered absolutely safe, but it will require experiment to fix that limit. 

998. "It is more diflicalt,to get a perfectly safe projectile for a large gun than for a 
small one." — (Testhnony of Ceuej-al Rodman before the Joint Committee on Ordnance.) 

999. Tbe review of the Nut Island experiments shows that a pro- 
jectile has been produced and tested which is as certain in its action in 
the rifie gun as the round shot is in the smooth-bore — a projectile which 
gets out of the gun with less frictional resistance than any other known 
or ever tested, and which is therefore less liable to heat the interior of 
the gun than any other known. 

1000. The 15-inch rifles tested on Nut Island, therefore, did not burst, 
although fired with charges three times as great as the cast-iron rifles 
of 12-inch caliber above referred to (par. 956, 957, 959, 962). 
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1001. The Parrot gnu made of ca$t iron and banded, when used with 
expanding projectiles burst during the war as often as they were used 
in service; at the combat with Fort Fisher every one of this kind used 
in the fleet burst on this occasion. They, in common with all the guns 
in the fleet, were flred rapidly — at the rate, it will be noticed, of "115 
per minute.'' 

[ From the report of Rear- Admiral Porter of the flrttt attack on Fort Fiaher.J 

1002. *' One or two leading vesselB Lavingmade the mistake of anchoring too far off^ 
canned those coming after tbein to commit a like error ; but when they all got into 
place and commenced work in earnest, the shower of shell (115 per minute) was irre- 
eistible. So quickly were the enemy's gnns silenced that not an officer or man waa 
iinnred. I regret, however, to have to report some severe casualties by the bursting 
of lOO-ponnder Parrott cannon. 

1003. '^One bnrst on board the TiconderoKa, killiuj; six of the crew and wonndinjg 
.seven others. Another burst on board the Yantic, killing one officer and two men. 
Another on the Juniata, killing two officers and wonnding and killing ten others. 
Another on the Mackinaw, killing one officer and wounding 6 ve others (men). An- 
other on the Quaker City, wounding, I believe, two or three. Another on the Susqne- 
hanna, killing and wounding seven, I think. 

1004. " The bursting of the g^ns (six in all) much disconcerted the crews of the 
vessels when the accident happened, and gave one and all a great distrust to the Par- 
rott lOO-pounders, and (as subsequent events proved) they were unfit for service^ 
and calculated to kill more of our men than those of the enemy.-' 

[From the report of Rear- Admiral Porter of the aeoond Attack on Fort Fiaher.] 

1005. ''I believe we have bnrsted all the rilled guns left in the fleet — one on the 
Busqnehanna, one on the Pftqnot, and one on the Osceola — and I think the reputation 
of these gnns is now about ruined." 

1006. Forty-six men were killed or wounded by the bursting of these 
gnns, while only 11 were injured by shells from the enemy's guns. 

1007. Some of these guns, but not many, exhibited fair endurance 
when fired slowly with small charges. 
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Fig. 30.~Thf Parrott giin. 



1008. Diagrams accompanying the S. Rep. Com., 266, Fortieth Con- 
gress, third session, show that the breech blew out of a number of these 
guns with a fracture similar to Fig. 19, the Armstrong banded gun, and 
Fig. 28, the Crispin breech loader. The wall of cast iron under the 
band was too thick for the heat to extend through in rapid firing. If it 
had been thinner it would have merely slipped under the band, as shown 
in Fig. 18, the Whitworth. Other diagrams in the same rei)ort show a 
line of fracture similar to Fig. 3. The steel gun. Fig. 16 ; Figs. 22 and 
27, cast-iron guns, heated unequally, by which the interior metal was 
extended longitudinally and tangentially. 

1009. It was with one of this kind of guns, originally 8-inch caliber 
bored out to 9 inches and rifled (used throughout the experiments with 
30 and 40 pound charges of powder, while the charge with which they 
burst in service was only 15 pounds), that the remarkable result wa3 
obtained of penetrating lOinches of solid iron with a charge of 40 pounds 
of powder and a shot of 203 pounds' weight on Nut Island 22d Novem- 
ber, 1875 (see " Review") ; but the projectile was a mechanically fitting 
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one and centered, a shot which caused very little friction in the bore, 
while the expanding projectile would have required 1,000 times as much 
pressure to force it slowly through the bore. 

1010. Whenever a fortification or a naval bill is pending the press 
teems with grandiloquent accounts of the wonderful achievements of 
German, English, and Italian guns. Not one of either of these kinds 
haa ever been fired on the proving ground, a number of shots in suc- 
cession, with such a rate of rapidity as would be necessary in battle, 
yet a number of each kind has been disabled or burst in experimental 
firing. It has already been shown in another paper that the whole bat- 
tery of one of the English iron-clads was disabled at the bombardment 
at Alexandria and had to retire to Malta for a new armament. Several 
accidents have occurred to the Italian guns, Fig. 31. The Alexandra's 
battery (12 guns, 25 tons and 18 tons), were much smaller than these 




Fio. 31. — The 100*ton ArmBtrong gan. 

and, as has been shown, ^' the larger the calber the less the endurance." 
One of the dl-ton guns was burst on the Thunderer, and many have had 
their bands separated, if they did not burst, so as to open the joints 
alarmingly by the lengthwise expansion of their inner tubes. 

1011. The Erupp guns of larger caliber are fired sparingly. The 
maker will not sell a single one for experiment away from his own prov- 
ing-gronnd, and the bursting of the Crispin guns, which were the same 
as the Krupp, except in the cast-iron jacket, which was uninjured, was 
an indication of what would happen to a Krupp of the same caliber if 
used with compressing projectile of the same kind with a brass sabot. 
The Krupp sabot is of softer metal, and his guns are not fired at any 
time three or more rounds in succession with intervals only sufficient 
for loading. One of the Crispin Krupps burst at the third round, the 
other at the eighteenth. Whenever we get the facts we find that there 
is a remarkable want of uniformity of results; but it is so seldom that 
more than one round is fired at one time under like conditions that an 
opportunity for comparison is not afi:brded, except to the persistent stu- 
dent. 

i From the London Standard. 1 

1012. *'A disappointment, which occurred in a second attempt to fire the 100-tou 
gun some days ago, whetted the interest in a renewal of the experiments yesterday. 
After an inspection of the gun, and a preliminary trial of the hydraulic machinery, 
the port door of the loading turret, technically called the ^cage,* was opened, and the 
muzzle of the gun depressed to the loading position. The proof-shot of 2,000 pounds 
weight was placed in the loading-tnick, and the two cartndges wei'e placed lu posi- 
tion behind it. The powder charge was now increased to 441 pounds, and the powder 
was of the character professionally described as * P 2,' which consists of cul^e-shaped 
^pebbles,' one and one-quarter inches in diameter. 
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^1013. ''Loading was the work of avery few minates. H was not performed as a 
time test, but it has been found that the whole operation of loading, elevating, train- 
ing, aiming, and firing can be got through in less than two minutes. Of the 30 feet 3 
inches, which is the depth of the bore, the charge occupies nearly 9 feet, and the mark 
on the hydraulic piston showing that it had gone fairly home, the muzzle was raised 
and trained to the left, the work of a very few moments, seeing that the gun'oan be car- 
ried completely round in 16 seconds, with the aid of ladders, Captain Morley. R. A., 
the proof officer, and his assistants, laid the gun so as to direct the projectile tnrou^ 
the two electric screens which stand before the bntts to measure the velocity, a wire 
from the instrument room was connected with the vent, and the warning bell was 
sounded. Then it was found that Colouel Inglis, R. £., who is president pro tern, of 
the committee, was to occupy the turret while the ^n was fired, and after handing 
to Lieutenant Willocks an official-looking paper, which, by srim Joke, was said to be 
his will, he entered the exposed side of tne turret with a lignted lamp, and was fast- 
ened in with chain and staple. Msgor Ellis takes his stand beside the gun on the 
open side of the emplacement^ and Captain Lewis, R. E., posts himself in the recess 
on the other side, where are the levers which control the machinery. All others 
withdraw to such distances and refuges as prudence may suggest, and, without any 
long interval of suspense, the gun is fired. As the spectators run forward they see 
Colonel Inglis walking out of tne turret, the door of which has burst open, breaking 
the iron staple. He describes the concussion, however, as not distressing, and accounts 
for the door opening by the outside vacuum created by the exparsiou of the powder 

gases, which he thinks can hardly afiect the permanent works, inclosed as they will 
e on all sides with heavy masonry. As a man will always have to occupy the tur- 
ret to w^ork the loading apparatus whenever the eun is in action, it was assuring to 
have the opinion of Colonel Inglis that he should oe quite comfortable under the cir- 
cumstances. The officers who stood by the gun, stated that the effect was much the 
same as they might experience fifty yards on, and the impression upon the other ob- 
servers was that the report was not quite so loud as they had heard the other day. This 
impression was soon confirmed in various ways. The recoil with the increased charge 
was but 2 feet 8 inches, not much more than half the recoil of the other day ; the 
shot, which then went 45 feet into the sandbank, was now found at a depth of 
30 feet only; and, most conclusive of all, the velocity, which with the 425-poand 
charge was 1,520 feet per second, now measured, with the 441 pounds of powder, only 
1,040 feet. It was clear that there was ' something wrong somewhere,' and the natu- 
ral conclusion was that the projectile had slipped forward while the muzzle was de- 
pressed. The gun was therefore loaded again with the same charge of 441 pounds, 
care being first taken to wash it well out, and search it with "a mirror for obstacles, 
of which none were found, and all being prepared it was once more fired. The re- 
port was sensibly heavier, the I'ecoil was 4 feet 7| inches, the penetration of the sand 
l)utt was 45 feet, and finally Captain Morley came from his observatory with a report 
of a velocity of 1,556 feet per second. As in this round the shot was proved to be in 
its proper position by a measuring-rod, after the gun was elevated — a precaution 
which was not observed in the previous round — the suspicion that the shot had 
slipped forward gained strength, and it will probably be requisite to employ wads 
in future experiments." 

1014. The most remarkable point' to be observed in this experiment, 
after the lame explanation of the cause of the diCTerences in the velocity 
for the equal charges, is that the shot impelled by 425-poiind8 pene- 
trated in one case only 2 feet further, and in the other case 10 feet less 
distance into the sand than the Wiard gun fired at Nut Island with 
only 70 pounds of powder; and if when it is surmised that the shot 
not being '^ home," or having an increased powder space behind it, 
accounts for the reduction of velocity, what becomes of the theory — 
and practice — of our ordnance authorities under which they make 
chambered guns — the chamber only to be partly filled with powder — in the 
expectation of obtaining increased velocity and force to the projectile 
without increasing the powder charge! 

1015. My proposal laid before the committee contemplates chambers 
in breech-loading guns which are to be fillM with x)owder in the expec- 
tation that increased velocity may be secured thereby from long-bored 
guns. 

1016. By this method I exp<»ct to produce better results than are ex- 
pected with an accelerating gun, by using the accelerating cartridges 
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described in a previous article, and with a carriage which ruDS the gan 
forward to the loading position automatically to secure rapid rcpetitioa 
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of Are possible vitb tUe use of mechanically flttiog ceuU^red anti- 
friction projectiles; thus aakiDg a far more powerful and enduring 
gun than the LymaD-Haskell theoretical one, which will cost forty times 
as much, and, on account of ita Blower rate of repetition, only perform 
one-fortieth part as much work. That is, I propose to convert one gun 
from a 15-inch smooth-bore, which will flre twenty times as rapidly and 
give twice the power to each shot, for one-fortieth part of the cost of 
one gnn made ou the following plan: 

1017. The friction of one compressed projectile passing out of this 
gun,impelled by five impulses of quick -burning charges of powder, will 
beat the lining tube 3,000 times as much at least as my projectile by its 
reduced friction would heat the surface of the bore of my gun ; and what 
is previously written in this paper on the effects of unequal expansion, 
arising from the friction of tightly fitting projectiles, sufficiently indicates 
what will hapx)en to this gun of only 6-inoh caliber when it comes to be 
proved : And no loosely -fitting projectile can be used with this system. 

1018. It was a happy thought of the promoters of this enterprise to 
secure an appropriation for a larger gun of this kind before the oae al- 
ready made, of smaller caliber, could be tested. 

1019. In my letter dated 27th July, 1880, addressed to the Secretary 
of War, before quoted from, I said : 





Fra. 33.~Tbe WUrd IDO-poaDder acoeltmtine gim. 1864. 

utilization of eipansiTe force of the uosea of the powder, and the length of bore u 
siifficieDt to give time for the combastion, so that ao piut of the charge shall escape 
uncoDanmed. Bnt it can be seen that as projectiles for rifled gnne are at least two 
calibers io^euKth, as ponder is but about ODe-eightti as heavy aa iron, if we increMethe 
charges to oDe-third the weight of the ptojeotiles, we shall occupy at least three cali- 
bers of length of the bore with the powder chatfe, or about oue-fonrth of the bore of 
ordinary guns. 
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1021. " By increBsinR f h« diaiiietnr of the powder cliamber onc'third, an I propose 
to do in 015' improved l>r«ech-Ioad in g twclTe-inch rifled K<iQi which retains for the 
length of liie chamber the caliber of the flfteen-iuch gun irom which it in converted, 
we reduce the length of the cartridge oue-half, or nearly, and thus Recnre loiifi^r time 
of actions on the projectile, as well as a better quality of combnntion,wiihont increase 
of the length of the gnn,if It is disired tn keep the giiD within it^ nnrniBl dimensions. 
Bnt with powder cliamber nf enlarged diiuensinns, to which the rilled nurtion of the 
bore is anb-calibereil, and a sub-calibor projectile, increaseil letigth of bore, in com- 
bination wilh slow-burning powder, all possible advantage to the gnu proper may be 
aecmingly aecnred. 

load, " These, together with centering the projectile In the bore, with wiudage all 
aronud the sabot alike; the non- expansible and ant l-fric turn character of the projec- 
tile, tc'gvrher with the combination of smooth-bore and rifle in one gun, seem to leave 
nothing to be desired, 

102:1. "The carriage, and raanuer of mounting the gnnnponit, odd to the efficiency, 

Srccisiun, and endurance of the gun. Its rajiidity of repetition of tire and reduction 
1 tile number of men r^-quired to work it are also important improvements. 

1024, " It is said that Krnpn has already secured remarkable increase of velocity 
and power by the increase lu tlie leii)[thof the boreof a trial gnn, and has utilized a 
charge of powder equal to the weight of the projectile in the guns reterred to ; and 
we find rorerenceto chambered and long-bored guns iu the report of tbeChlef of Ord- 
nance for 1870. 

1025. ■' The writer is not, however, niiich iuilrbted to these sonrcesof infonnatioo, as 
in a letter datrd March 30, 1864, lEfldrcssi'd to the Chief of the Bnrean ofOrduauceof 
the Navy, he forwanled drawings and specitii-atiotis for a long- eh am be red, breech- 
londing gun of 6-ineh caliber then in cimrse of construction — being the second of the 
class— at his works at Trenton, (See Fig. Xf.) The bore was fort; calibers of length, 
and the chHmber of spherical form was of capacity to contain BO pounds of powder, 
while the proje<'tile8 were to be of 100 pounds weight. The gun, as the drnwines 
showed, was to be mounted on a wronght-irou carriage, and lis recoil would be in the 
direction of the axis of the bore at all elevutinus. A copy of the letter to the Chief of 
Ordnance taill be found on page tl5, Ex. Doc. No. 11, Forty-first Congress, first session. 
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Fio.34.— TbeWtordJOpOQiidersccBlerstlng gleitegan, 18M. 

1026. "At the time this gnu was invented and made, the knowlwlge of how to best 
constitute grains of powder to secure reduced strain npon the gun, together with 
higher velocity to Ihe projectile was nut common. The writer, however, Tia«l caused 
Bsmsller gun(Fig.:t4) of Ihe same kiudto l>e constructed with a view tn experiment, 
bnt he won depiived of the chance to conduct the exjieriments devised, an an agent, 
in his zeal to show a gun to a party of distinguished gentlemen from New York on a 
visit to bin woiks, fired it four times with full chargesof such powder as was on hand, 
during the absence of the inveuior. At the f.mrth r'lund t lie gun cracked in the 



chamber. The pnijirtiles, were fired into a bank covered with original sod of grass 
of many years' duration. After much labor in endeavoring to recover them, without 

ill finding them, the sen- ■- - ■ - ■- ' " — -'■ '■ * — 

I'iug beeu ai'cideutanv i 

S. Eep. 909 17 



... finding them, the search was abiindoned. One year afterward! , 

tiou haviug beeu accideutally called to the fact that the projectiles bad 
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found. I caused the search to be renewed, and they were found, having made the 
remarkable penetration oiforty-Bix/eet through hard-packed sandy loam. 

Khn'. ^'This result, with a gun of 4-inch caliber, a spherical chamber of ten inches, 
a powder charge of ten pounds (No. 7 Navy), and a projectile of 20 pounds wei^hi^ 
afforded me the sng|;i;e6tion upon wbich I proceeded towards the design of the im- 

S roved breech-loadmg 12-inch rifled guns to which my proposal relates. It has not 
een the result of sudden inspiration, out has been developed with all its parts and 
attachments through more than sixteen years of observation^ overlooking practical 
experiments, and laborious study of the effects and the uses of gunpowder." 

1028. It can be seen that both these guns are so mounted as to direct 
the recoil in the line of the long axis of the bore at all elevations. This 
feature is also prominent in the automatic carriage for my long bored 
and chambered gun, included in my proposal now before the committee. 

1029. In connection with a proposal for ordnance experiments, 28th 
March, 1881, 1 wrote a letter to the Secretary of War, of which the fol- 
lowing are extracts, cited to show that coiled welded linings for guns 
were inadmissible ; that that mode of lining guns had been tested over 
and over again during the past 150 years and had failed as often as 

tried : 

"312 Sixth Street, N. W., 
*' Waakingian, D. C, 20/A May, 1881. 
"The Hon. Robt. T. Lincoln, 

" Secretary of War : 

1030. '' Sir : In compliance with your request, I hereby present such reasons as occur 

to me why you ougbt not, perhaps cannot, hereafter legally permit further orders or 
contracts to be made or awarded for the construction' or converHion of heavy guns, 
projectiles, or ordnance supplies according to plans secured in advance by patents 
issued to officers or agents of the government, of the Army, or the Ordnance Corps, 
especially for gane of cast iron lined with a coiled toelded wroughUiron tube* to be UMd 
with expanding projectiles.'' 

1031. The following were quoted from well-known authorities : 

1032. " (C 1. ) HoUey, page 344 : * The grand etfect of wrought iron is that it is not 
homogeneous. The puddling process by which it is produced, the piling process by 
which large masses are aggregat«*d, and the welding process, by which all parts, large 
and small, are united, are all the means of interposing strata of impurities ana lines 
of weakness.' 

1033. *'Mr. KiVcaldy, 'Experiments on iron and steel,' 1862, says: ' A great varia- 
tion exists in the strength of iron bars which have been welded ; whilet eome hear 
almoet as much as the uncut har^ the strength of others is reduced fully a third.' 

1034. *^ Mr. Anderson, Superintendent Royal Gun Factories, in a paper read before the 
'Royal United Service Institution,' February 14, 1862, said: 'In the construction of 
the Armstrong gun the bar-iron \% first wound into a spiral coil, and then a welding heat 
is taken through the entire mass, and by means of a steam hammer it is welded into a homoge- 
neous cylinder. With iron of the very best quality which we have as yet been able to 
obtain, the highest average tenacity of the welding of the coil has been 32,140 pounds 
per square inch ; the iron being 55,500 pounds.' 

1035. " With other iron, also of high quality and still greater tenacity, the welds have 
been lower down, even to 10,000 pounds per inch." 

10^)6. '* Mi^or W. Pallisser, replying to remarks made by Captain MuUoney, assistant 
to Colonel Campbell, superintendent of the gun factories, upon the paper read by 
Captain Pallisser before the 'Royal United Service Institution,' June 15, 1858, said: 
' The strength of a chain is measured by its weakest point,^ Captain Mulloney had pre> 
viously said : ' The lecturer has taken credit for a great many things being discovered 
by the trials of his three heavy guns. He has told you the hintory all three of them, 
and they were all failures, [Italic in the text.] The first of them failed by bursting of 
the interior tube. At the ld2d round it became unserviceable. No one in his senses 
would think of going on with a gun when he saw a great crack on the surface ex- 
tending some way down. Major Pallisser states that there was a defective weld in 
the chamber of that gnu which showed by the gun not bursting that tht^re was no 
want of longitudinal strength in it ; that the cast iron bore all the longitudinal strain. 
But that defective weld never went through the barrel. * * * I do not know what 
the thickness of the barrel is, but the wrought iron bore the whole of it. * * * It 
has been stated that the casting of that metal around the wrought-irou tube deteri- 
orated it. * * * Now, of that very gun which bursl^ a few days ago at Woolwich 
we took a piece for testing, and found it was not deteriorated,* 
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1037. ^'Mi^or Pallisser: 'That ^iii^ ^as my property; what right had yoa to do 
that? I said our specimen cut out of the 12-inch gun broke at a strain of 13 tons per 
square inch, and if one part of the barrel broke it was quite sufficient." 

103d. ''Mr. Robert Mallrt, C. £., F. R. S., a well-known civil engineer, in crit- 
icising Major Pallisser's paper above referred to, said : ' I say Major Fallisser's cou- 
fltruction is altogether based upon a fallacy.' ' You see the fallacy brought to its 
reduciio ad ahsurdum in that gun [pointing to the diagram of the burst Pallisser gun], 
which seems to me to be a condemnation of the whole system of cast iron put over 
wrought iron.' ' I may remark that all this business that makes so much noine seems 
to me to lack novelty altogether.' 'It is at least one hundred and* fifty years old.' 
'The celebrated Remaur suggested — (M. Villons and other makers having failed to 
make wrought-iron ^uns on much the same system which Tread well, Prof. Daniel 
Tread well, of Cambridge, Mass., in America, has brought up again) — ^Remaur sug- 
f^ested the idea of making a wrought-iron tube, making it by a coil, and putting it 
inside a cast-iron gun.' 

1U39. "The Marquis de Courtiron and M. de Boucher, French ironmasters, between 
1755 and 1780. both reproduced the same id«^a.' ' Monge,'the celebrated autnor of the 
"Geometric Descriptif," reproduceil the same idea in 1813, after the disasters of the 
Russian campaign, when tne French artillery was gone and the question was how it 
was to be restored in a few months.' ' There is notliing new in the idea of putting a 
wrought-iron tube in a cast-iron ^un.' ' I fail to see the merit of it in point of nov- 
elty, and I fail to see the merit oi it in a practical poiut of view. * • * The mere 
fact that they have recommended guns to be converted this way fails to convince nie 
that it will not be a positive national disaster if any considerable number of our guns 
be converted on any such system.' ' In support of that I can do no more here than 
venture a bold assertion. I say upon that system you will never have a safe gun.' 'I 
say further, that yoa will never make any gun that exists in the British service when 
so converted a useful gun. » * * Attempt to convert them upon this plan, and you 
will simply destroy them as smooth bores, aud you will make them penectly useless 
for any purpose, * • • utterly untrustworthy as rifles.' 

1040. "The Chairman. 'Do you wish to reply, Major Pallisser f 

1041. " Major Pallisser. ' I must say before replying that I think it scarcely fair 
to a man not much given to public speaking to have to jump up and reply at a score 
to a carefully prepared attack by a well-known man like Mr. Mallet. I rather dep- 
recate it that in the discussions iu this place one is rather put up as a target for 
every one to have a shot at.' 

1042. "Mr. Mallet. * Allow me to answer you that until I came into this room I 
had not the slightest idea of saying one word. It was not until after 4 o'clock to-day 
that I knew you were going to deliverthis lecture, and not one word that I have said 
was prepared.' 

1043. "Captain R. A. £. Scott, R. N., in some criticisms upon a paper read before 
the Royal United Service Institution, March 18, 1867, by Major Pallisser, said, in re- 
ferring to welds of coiled tubes : ' There is another point I would mention. As far as 
we have experience at the present time of coiled tubes it is exceedingly difBcult to 
weld them t-ogether so as to make a complete joint. When fired with nigh charges 
the coils separate.' 'When that gun of Sir William Armstrong — the 300-pounder, 
which afterwards blew its breech out — was proved the coil changed in the proof. At 
each round there was an alteration in the inner tube.' ' We know that there is great 
difiicnlty in welding an iron tube so as to make it stand for the interior of a gnu, and 
yon cannot put cast iron on the outside of a steel tube. The only gun that was tried 
that was made in that way burst at the first round.' 

1044. "April 23, 1863, Mr. Whitworth said to the Select Committee on Ordnance: 
'I believe the very worst material that can be used for a gun is welded'metal.' *I 
have never yet made a gun with a tube of welded iron. I would never think of do- 
ing so.' ' I disapprove of Mr. Clay's system also, and of all systems that include the 
use of welding wrought iron.' 

1045. "J. Anderson, Superintendent Royal Gun Factory, said to Select Committee 
on Ordnance : 

1046. "' Question 1981. Have or have not most the defects in the guns occurred in 
the weld of them? Yes, the greater number.' 

1047. " Sir William Armstrong said : ' I admit th at welds are very objectionable in 
the barrel in all cases.' 

104^. " Captain Blakely said : ' I may say that I consider that the coil system was 
at that time a mere makeshift. The object of the coil svstem is to get welds of 
wrought iron around the gun in that form in which they will be least mischievous.' 

1049. And I said : 

1050. " The facts publicly known in 1868 were that the capture of Mason and Slidell 
by one of our naval officers suggested serious complications, and the colonies, notably 
Canada and Australia, apprehending difficulties, began agitation in their colonial 
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1et;(iilataivB witli a view to iirocuriiiK CHniion for coast ilefeosn on their i 
And the vommittve havlDK churjceof arniamenc was directi.'<i by thi- Secretary Of State 
for War to make Home cooceiwiotiH to pacify them. The report said: 'Tlieronimittoe 
do not henitare, rrlth (Aete facli before thtm, to reroiiiinend an extenitlve c'Dveraion of 
our preseut casl-iron Huinoth-bore khhb into ride duiib with liuiURHof coiled iron /or 
WooHdarji purpotn of difentr. Experiiueut-a reeeuily niaitc »how the poMibililg of ctm- 
trolling iht reeoil ofihe gun of only 5 tous wei;;ht whi'n KrinKtiie full liatterinf; cbarge 
of the 7-iiich gnnii of 6^ and 7 toiin upon an ordinary Bij-poiinder wooden platform at 
S° alope Htreng^hcnRil and fitted with the Auierican comprewwir; and althoiiich the 
conimittve are not prepared lo recomtHevd inrh large eharge* for lined He-pounder', they 
conxidi-r tlieae ex|>erinientH t<i have proved that tiwA gima mail. HO far as thk shock 
ON TliK CARKlAiiK AND PLATFORM IH CONCKRNRD. he used On ImveTRin); ptiitforms 
with chufKea lieyond those appropriated to hIikII guns, and therefore he itieJadtd jn the 
lUt* of gu'ie for eonreraiou iriJft « I'tnc lo their emplogmenl for harbor defense in India or 
hf any of the coloHiei thai may desire so lo ulilixe gans Itat are. atrradg colonial proprrly. 
The tommitke do not recommend Ihem for eoatt and hitrbor defi nie at home, belieritig that 
if thin country is evur called npon t<> defend it« diorc.i it will he anainst the most 
powerful ebips and henvit-Bt Knna lliat c»n be prodiieeii, and that itH count defenses 
shonld he nf i-orrespomliuf; efficiency. >'or (he »iiini! reason tli«.v ulionld perhajw not 
enter inti; the arraaiiient of niaritiiue fonresues of the lirst claw, such as Giliraltar, 
Malta, Halifax, or Bertnnda.' 

1051. "It is fair to prcdiime that if the English eommittce hwl apprehended a war 
witli the United Staten they wonld have been hifilily pleased to know that our ord- 
nance authorities lind adopted the plan of converting onr casl-iron gnns into rillea hy 
liniu); thera with a 'coileii welded wr.iiiglit-iron tiil.e.''' 

I(t52. Tlie following i-epreseiiti* the " monntfr mortar" of Mr. Roltert 
Mnliet, C, B., F. It. S., inntle for tbt> EiiglJNli Govcniineiit many years 
ago. Its Ciilibcr was 3li inches — the largest bore ever made aii«i tested 
as a piece of oi-tlnauce. Its sliells, liuge sphereB of ;J,(HH) pouuds, con- 
tained treniendoua bursting charges of jmwder. In falling witbin the 
lines of the defense the penetration wtis KOiiHiderable, and u|>on burst- 
ing formed a crater of great extent, and scattered destruction to sur- 
rouudiug striicturea: 



Friml (beatictn. Sidt tlieatim. 

Fio. 35— ThemopBler "MHllpt" morlBr. 

1053. This great bombard was intended for seige operations, and for 
convenience of transportatiou was built up in sections eacli of manage- 
able weight, which could be taken apart aud assembled again with 
facihty. 

lorA. It was composed of a powdercli amber jiiece with a broad flange, 
three cylindrical rings, and a muzzlc-pieco with a tiange. 
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1055. These parts were recessed one into the other to secure true con- 
centric relations to each other, and the whole was held together by six 
strong lengthwise bars or bolts, intended to prevent by their length- 
wise compressive force the separation of the parts; in other words, to 
give the required transverse strength. It seems that no other force 
than that resulting from the friction of the projectile as it was being 
ejected from the bore was apprehended, inasmuch as the recoil would 
be mostly restrained by the solid foundaticAx of the bed upon which the 
whole structure rested. 

1056. There was, however, an unapprehended force acting to separate 
these strong outside bolts. 

1057. The interior of the bore exposed to the heat of the gases of 
powder and to tlie heat-engendering friction on its surface, proved to 
have the effect of creating forcible lengthwise expansion sufficient to 
break these bolts, separating them one after another, but not explo- 
sively, and after resupplying one after another, stronger and stronger 
than the preceding ones, the whole of the magnificent and costly struct- 
ure had to be abandoned, and the great mortar was relegated to the 
" cemetery of suicides,'' where if it does not requiescat in pace it does 
rest in pieces^ surrounded by hundreds of costly burst guns, most of 
them monuments to the imbecility of invention and paucity of knowl- 
edge in relation to the physical properties of metals, the laws of force, 
and the effects of unequal heating. 

1058. Mr. Mallet, however, like a true philosopher, did not permit his 
labor and expenditure to be lost. He wrought out a common sense and 
useful explanation of the phenomena as affected by unequal heating 
and cooling of metals while being fabricated into larger than usual 
masses, as well as when used in such structures as guns, causing the de- 
struction or, at least, the disabling of those in particular made of the 
strongest materials. His essays on these subjects have been freely 
quoted by mo in the papers I have laid before the committee, and I hope 
they will receive due consideration. 

1059. In February, 1865, upon invitation, I addressed a *» communi- 
cation ^ to the committee on the " conduct of the war," which was or- 
dered to be printed (S. Mis. Doc. Xo. 47, Thirty-eighth Congress, sec- 
ond session). The subject of this communication, which was illustrated 
by cuts, was the bursting of guns ; on page 18 will be found the follow- 
ing (Fig. 36), representing — 



miJ^Cm^^* 




Fig. 36.— The Blakeley **bailt np " f^m. depending for "transverse strenj^h " on "outside bolts " ex- 
tending from the " trunnion nng " to a breech supporting " caaoable part." 

1060. This cut was associated in my argument; with a cut {anU^ Fig. 
18) representing a Whitworth gun with a protruding tube ; a cut {ante. 
Fig. 19) representing an Armstrong 300-pounder with the breech pushed 
out by the lengthwise expansion of the lining tube; a representation of 
a Parrott gun, with its breech pushed out by the lengthwise expansion of 
the inner metal of its cast-iron " banded" tube, and cuts showing views of 
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an Armstrong fleid-gun with one of its outside bands at lengthy 

split longitudinally by the tangential expansion of the lining tube. 

1061. In all these examples I showed that the ruptures had resulted 
as the direct effect of unequal expansion from unequal heating. 

1062. Captain Blakeley said in a paper read before the Eoyal United 
Service Institution, January 21, 1859, referring to the gun — Fig. 36 — 
which had been disabled more than once : 

1063. ''At this roand [the fourth 1 the four bolts gave way, the four united being 
' equal to a solid bar the size of the bore. Tkf rest of the gun was miwjnred." 

1064. An examination of the cut, Fig. 36, shows that the bottom of 
the tube was closed, the closure forming part of the tube, which ''was 
uninjured." It is, therefore, evident that it was not the direct elastic 
pressure of the gases of gunpowder acting against the bottom of the 
chamber which broke the bolts. If we should fire a shot at a target 
composed of two iron plates we could not penetrate the rear plate with- 
out first penetrating the front plate, neither could the outside bolts be 
broken by the expansive force of the powder without first perforating 
through the closed breech of the tube and projecting the broken end of 
the tube backwards with the other debris. 

1065. But the tube and the bands shrunk upon it of such aggregate 
thickness or thinness (in fact, the total thickness was, in this gun, within 
the ordinary thickness of the walls of a field gun, which heats through- 
out and therefore does not burst fh)m the effects of unequal expansion) 
as to be heated through bands and all, the width wise expansion of the 
bands and the lengthwise expansion of the tube did, therefore, furnish 
sufficient force to break the bolts, " without injurj'^ to the tubular parts.'' 

1066. Captain Blakeley further says — 

1067. *^I had this gun remade, with bolts of the best charcoal iron; but they, too, 
broke, without injury to the tubular xiart.'' 

1068. The authorities I have quoted throughout all the papers I have 
presented to the committee are standard authorities, accessible to all 
students and professors engaged in invention, designing, manufacture, 
or the utilization of armament, armor, or ordnance. The theories I 
have advocated, the experiments concluded, the successes and failures 
reached. To an earnest student and experimenter failure in the dem- 
onstration of a theory may prove a real success if followed up intelli- 
gently, holding fa^t to that which is good and leaving the bad behind, 
especially all that relates to the failure of lining tubes for the conversion 
of cast-iron guns, or new constructions using lining tubes, either of 
welded wrought iron or of steel, and by expanding, wedging, jamming, 
and balloting projectiles cannot but be well known to General Ben^t, 
Colonel Crispin, General Getty, and every member of the boards of 1872 
and 1882. 





'<■» yjFi ■ ■* I ■■pill f 1^ jjL 

















Fig. 37.— The ao-oalled Shults gun, provided with longitudinal bolts, to prevent transverse rupture. 

1069. The failure of Captain Blakeley's gun, Fig. 30, has been described 
minutely in the reports of the United Service Institution, and in various 
public documents to be found in document rooms. Congressional and 
other public libraries, and in several of the War, Navy, and other of the 
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departmental libraries; yet among the projects for heavy breech-loading 
rifled guns, presented to the Getty Board, and recommended to Congress 
for appropriation and manufacture by that Board I find the so-called 
" Shuitz,'' Fig. 37, urged before the Board by Colonel Crispin, the late 
official inventor t?) of the Ordnance Corps, late President of the Ord- 
nance Board, late Constructor of Ordnance (late, seemingly, and far be- 
hind the times in everything). 

1070. This gun, it will be seen, is identical in its general construction 
with the Blakeley gun (Fig. 36) except that the lining tube is open at its 
rear end, the only effect of which is that the whole of the expansive 
force exerted by the charge, in addition to the force of the unequal lon- 
gitudinal expansion of the tube and bauds between the trunnion ring 
and the cascabel part, is to be restrained by the outside bolts, which 
cannot be heated either by contact with the hot gases or by conserved 
heat arising from the friction of the wedging or jamming projectile. 
General Ben6t has said that '^Colonel Crispin is considered a very in- 
genious man." He certainly seems to exhibit most extraordinary inge- 
nuity and persistent effort in finding out and speciously presenting the 
most useless and obsolete, even ridiculous, projects for abstracting and 
obtaining money from the Treasury, and retarding progress towards 
improvement in ordnance. 

1071. If the Blakeley plan of resisting transverse rupture by the 
strength of longitudinal bolts was a failure, how can it be expected that 
longitudinal bars, as in the Woodbridge gun (Fig. 38), will succeed any 
better. 

1072. I have a faint recollection that something like the following 
has been said, and I agree, that ^^iron bolts [nor bars] do not a prison 
make, nor lining tubes a cell" in which the force created by the com- 
bustion of a powder charge in a gun can be confined, if expanding pro- 
jectiles are used. 

1073. In this gun (Fig. 38) it can be seen that the wire- wound part does 
not add to the transverse strength. I predict that this gun, if it is ever 
made and tested, will, in its bursting, partake more of the nature of an 
explosive burst than the first gun (Fig. 39) produced by the same expert, 
which opened a transverse fracture gradually, beginning on the outside 
in a fine crack and extending and opening as the lining tube expanded, 
till the whole gave way. 



( 
\ 





FiQ. 39.— The flnt Woodbridge gan. 
(See photographs which accompany the report of the Getty Board.) 

Senators, there has no day passed since the 25th of May, 1861, during 
which I have not devoted a few hours to study or experiment looking 
to the solution of the ordnance problem. 

1074. I believe I am at least as familiar with the history of all ord- 
nance constructions and all public ordnance experiments, wherever con- 
d4)cted, as any one in the world. 

1075. In all the years I have devoted to the subject I have only known 
of one kind of successful gun besides my own Nut Island guns of 8-inch 
caliber or larger which has endured the test of battle and long service, 
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and that one kind was made of cast iron, and baa only been Bucc«a8fcil 
in so far as it Iius been used witU centered projectiles. I allude to cast- 
iron smooth-bore shell guos used with a wooden sabot and straps, of 
which 1 know of two examples, the Dahlgren IX-iucU and Xlinch shell 
guns and the English 68-pouuder (Fig. 40). Captain Alden testified to 
Uie committee on the conduct of the war : 

1076. "Captain JAUiis Aldi 
■By the Chairiuau : 

1077. "Queetion. WLat DQniberaDil caliber of guns had ; nil ou l)oar<l tlie Brooklyn 
in your expedition against Fort Fisher! 

I07a. "Anawer. We liad tweutv 9-iiioh guuB, two 100-poiinder Parrotts, and two 
60-poiinder Parrotts— all four of tLe Parrotts riHed. 

1079. "(jupstioD. Uow niBuy tJuieB were those j^uns Bred iii the two attacko npou 
the foit f 

lO^U. "Anawer. I threw into that fort 3,400 9-tiU'h ahellH— over 130 tons. 

1081. "Question. How did the ^nna bear that ahelliag t 

11IH2. "Answer. Ah soon as I heard of the lOO-poundera biirstiDg, I pnt mine on the 
opposite side of the ship froui that with which I was fighling, and pnt in theic 
places the 9-iuch guns, ho that 1 had tn'clve 9-int:h gnus in battery all the time. 

1083. "Question. Then yon did not nne those lOU- pounder Parrotts T 

1U84. "Answer. Not after 1 hear<l of the accidents with them on the other ships. 
I never 6 red them ajtain. 

10b5. "Question, Were thofce O-inch gnniiiuade on the Rodman principle t 

linj6. "Answer. They were Dahlgren guuo. 

10-^. " Question. Were they eail holloa, or othenriiel 

I0b8, "Answer. Then aere Iht Oahlyrm 9-inoA gaRi, the beat gun ever made, 

urn. "Question, What elToet had that iiHug iipou thorn I 

1090. "Answer. 1 never discovered that any of thuin were iiyurert. 

ItOU. "Question. Did none of them fuilt 

1101. "AuBwer. Not in the slightest degree. The men stand around them and fight 
with them with as much conHdeuuu as they drink their gtng." 



Via. 40.— The Enflllsb <l8-p<nit»l«r. S-lnch caliber. 

1102. Althongh ft.he English Government have expended about 
J50,000,000 for cannon, I doubt if they have a single reliable gun iu 
service except of this one kind. 

1103. There is not, never was, nor ever will be a successfnl rifle gun 
of 8-incb caliber or larger, used with expanding, uncentered, wedging, 
jamming, wabbling or balloting projectiles for battle service, i. e., rapid, 
flting for thirty or forty consecutive rounds, without bursting. 

1104. With centered mechanically fitting projectiles, long bearing 
in the grooves and improved powder, chambered and long-bored guns, 
mounted on automatic carnages to facilitate rapid firing, powerful, en- 
during, and cheap armament can be produced by conversion of cast- 
iroo guns on hand, or new constructions can be procured more cheaply 
than of any other material. This was triumphantly proved by the re- 
aolts of the Nut Island experiments. 

1105. It, however, requires farther experiment to perfect the details 
and adapt parts of the system to other parts, to secure a symmetrical 
whole. My proposal provides for this, and if it is accepted, I doubt 
not the ordnance problem will be solved, leaving nothing to be desired 
for the present or near future. 

Bespectfully, 

NORMAN WIAHD. 
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1. 

REMARKS OP CHIEF OF ORDNANCE ON PROPOSITIONS 
AND DESIGNS SUBMITTED TO THE COMMITTEE BY IN- 
VENTORS AND OTHERS. 

NOEMAN WlARD. 

The plan of convertiDg smooth-bore gans into rifles, as proposed by 
Mr. Wiard, presents three fatal objections, viz: 

Ist. The employment of a comparatively weak cast-iron gun, intended 
for service as a smooth bore only, for the mach heavier strains imposed 
by the use of rifle projectiles, and that, not only without any corespond- 
ing addition to the strength of the gun, but with an actual reduction 
of its original strength, caused by cutting along the bore three deep 
grooves for the rifling. Under the most favorable condition the employ- 
ment of cast iron alone for rifled guns is objectionable and has been 
every way discarded. 

2d. The employment of flanged projectiles that have been abandoned 
in all services as very dangerous, from their liability to override the 
lands, break and jam in the bore, and produce rupture of the gun. 
Such projectiles are further objectionable from allowing a large escai)e 
of gas around the body of the shot, which soon produces serious ero- 
sions and gutterings of the bore of the gun, besides occasioning a con- 
siderable loss of power. 

3d. The employment of a form of projectile that is of very question- 
able value as regards accuracy of flight and ability to sustain its veloctiy, 
while its destruction effects against armor plates are greatly reducea 
by its losing ubout one-third of its weight upon import. 

As regards the Nut Island experiments referred to by Mr. Wiard, the 
following statement, compiled from the oflBcialreports of the Nut Island 
experiments, and published in Part 9, House Mil. Doc. 170, Forty- 
fourth Congress, flrst session, is most instructive, as showing the endur- 
ance of the Wiard guns : 

0102 10 
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An examination of this table shows thai of the twelve guns furnished, 
ten were Wiard guns and used the Wiard projectile. Of that number 
the column of remarks shows that the total number of guns in any way 
injured was six^ or 60 per cent, of the lot, and that the number burst or 
totally ruined was five guns, or 60 per cent, of the lot. The latter 
casualties all occuiTcd during an aggregate of 45 rounds, or at the rate 
of one gun for every nine rounds. It will also be observed that the 
largest number of rounds fired from any one of the Wiard rifles is only 
38 rounds, or less than one-tenth of the number required for the test for 
endarance of heavy experimental guns. From this we can understand 
how far short the Wiard guns have fallen of a suitable degree of endur- 
ance. As to causes of the above disasters, the testimony of Com- 
mander Brown, U. S. N., is uniformly clear and explicit, and to the 
efl'ect that they are to be found in the overstraining of the gun in the 
use of excessive powder-cliarges, and the employment of a bad system 
of projectiles. 

Eegarding thepoicer of the Wiard guns, as shown by the penetration 
of iron plates in the Nut Island experiments, also regarding their accu- 
racy offlrCy it may be sho\^ n, from the Mis. Doc. above cited from, that 
a cx>mparison in these respects, so far as it can fairly be made with the 
Kavy Parrott rifles we find in the Nut Island experiments, is favorable 
to the superiority of the Parrott gun. 

As regards absolute power of penetration into heavy armor plating, 
however, the results obtained in the Nut Island experiments are of little 
value. The iron plates used for the targets were ma<le up of a large 
number of plates of little thickness. Targets thus made afford much 
less resistance to penetration then where, for an equal total thickness, 
only one or two plates, but of greater individual thickness, are used, the 
maximum resistance being attained with a single plate. 

These plates, moreover, were not even bolted together, which is the 
ordinary condition under which armor plating must be encountered, 
and adds not a little to its resistance. They were merely set up in 
frames, in which it was not possible to obtain the support that is to be 
derived from bolts. Further, the quality of the metal in the ])lates 
was very bad, as appears from the effects produced by the projectiles 
in striking them, viz : The plates were broken up and scattered about, 
and those at the back of the target, :iot penetrated by the shot, were 
badly cracked, all behaving like so much lost iron. 

As regards the quality of the metal in these plates, Mr. Wiard him- 
self, in his letter, page 167, Mis. Doc., to the Secretary of the Navy, iu 
applying for them, as part of a lot of old material on hand at the 
Charleston navy-yard, states that they were " unserviceable and un- 
salable." 

To understand this question — the qualities of good wrought-iron armor 
plating — I will refer to experiments made in Europe. 

General Barnard, in his ^^ Su])plementary report on the fabrications 
of iron for defensive purposes," quotes, for " engineering," on the firings 
against 12, 8, and 6inch solid plates, in 1861, as follows in regard to 
the quality of the plates > 

The character of the metal in the plate may he jndji^ed of hy the fact that the shot 
holes were as clean as they possibly could be, no crack or fissures appearing, whilst 
the holes were the veriest trifle larger than the projectile which had made them. 

In another place he quotes from the professional papers of the Boyal 
Engineers, in reference to the mode of proving armor plates, as follows: 

The proof is carried out by firing a Palliser shot from the 7-inch M. L. rifle ^nn at 
30 yards, with a 9-poand charge. A good 5-inch plate will stop this shot ; and if very 
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good it will show only a sliffht star crack, and bulge in rear. An indifferent plate 
will let the shot through^ ana have a large piece takea off the back. A bad plate 
will let the shot pass easily through, and perhaps crack a good deal, or even break in 
pieces. 

In the reports of the firings of the 12-inch rifles, with 85-poand charges 
and 600-pound shot, against a 14-1 nch solid plate target at 200 yards 
distance, at Shoebaryness in 1871, the accoant is given: 

Sound L — Diameter of shot-hole, 13 by 12.7 inches; penetration, 13.99 inches; 
ripple, clear; no starring or fissuring of plate whatever; mold of shot-head perfect. 
At the rear of target, no practical damage whatever. 

Hound II — Against the same thickness of metal, hut composed of 8 and 6 inch layers 
of armor, shot struck on the junction of the upper and lower face plates. Joint opened 
all along from one-fourth inch at end to 1^ in cues in the middle; neither plate starred 
nor fissured ; no ripple on upper, fine ripple pixijecting 4 inches on lower plate. Diam- 
eter of shot-hole, 13 by 14 inches. 

The behavior, then, of wrought iron under the impact of projectiles 
furnishes one of the best tests of its quality as a suitable material to 
resist penetration. 

The great value of good wrought iron for armor plating lies in the fact 
that it does not transmit the shock to the adjoining parts of the structure, 
but absorbs the blow locally. The plates yield readily to penetration, 
to a certain extent, but the^*^ should not crack or break. Kow, contrast 
what has been said regarding the qualities of good iron plates with 
the remarks in the foregoing table, under the column of ^' penetration,'' 
as to the behavior of the plates in the Wiard targets. In the first round 
with 16-inch Wiard rifle No. 1, giving a penetration of 15 inches, we 
read — 

Plates very badly shattered, and two large pieces sent flying through the air. 

In the first round of 15-inch Wiard rifle No. 2, with a penetration ot 
15 inches, it is noted: 

First plate was broken up and scattered; hole in rear plate 30 inches in diameter. 

In the second round, with same gun, giving a x>enetration of l2 inches — 

All the plates through which the shot passed were broken. 

In the third round, from same gun, giving a penetration of 12 inches — 

Shot penetrated and broke up three plat-es ; pieces of shot and plate scattered in all 
directions. 

It should be here stated that these Nut Island experiments were made 
under the Navy Department, and an estimate may be formed of the 
importance which the Navy attach to them by the fact that it has com- 
pletely ignored the so-claimed wonderful performances of the Wiard 
guns and projectiles. 

The powder proposed by Mr. Wiard will give great trouble in making 
up into cartridges, and the cartridge frame required for it is a most seri- 
ous objection, as reducing the necessary air-space in the powder cham- 
ber and thus occasioning high pressure on the gun. There is no novelty 
in the plan of perforating the powder grains with a central canal. Rod- 
man experimented with perforated powder, and the German prismatic 
powder is made in that way. The latter powder, after years of experi- 
ment with perforated, regular formed, and very dense powder, has to-day 
reached a stage of periectiou that it could scarcely be possible to equal 
with others which cannot be said as yet to have got so far even as the 
experiment stage. The Wiard powder does not possess any merit that 
cannot be claimed for the German primitive powder, but on the other 
hand the latter has been demonstrated to be in any way a practical sue- 
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cess, while the Wiard powder as yet belongs to the region of mere 
hypothesis. The supposition that the combustion of the grains will 
be confined to the inner surface and to the ends is sufficiently absurd, 
as the tension of the gas in the interior will almost immediately break 
up the grain into fragments. 

H. P. Mann. 

The breech system is heavy and cumbersome. 

Weighs over three times as much as the corresponding parts of either 
of the two systems so much in use and so thoroughly tested. 

These other systems are amply strong ; hence much lighter guns can 
be used caliber for caliber. 

Does not admit of such rapid maneuver. 

Straps exposed to injury. 

Eequires the gun proper to be elevated and depressed at each fire in- 
stead of the simple and direct action of a block that is strong enough. 

Getty Board did not object to weight ofgurij as stated by Mr. Mann, 
but to weight of fermeture, for they say : 

The breech fermetare i» held to the trannions by heavy steel straps, the whole ar- 
rangement weighing *S7,000 pounds. • • • This fermetare is the characteristic 
feature of the gun, and is the invention of Mr. Mann. The principal objection to it 
is its great weight, but, further, it necessitates the turning of the barrel of the gun 
on its trunnions through an arc of about 10^ and back again at each discharge, re- 
quiring the expenditure of more time and force than for either the Krupp wedge or 
tne slotted-Bcrew systems. * * * In view of the objections set forth above to the 
fermeture itself— the specialty of Mr. Mannas invention — this Board fails to see sufficient 
reasons for recommending the gun for construction and trial. 

The straps, transom, &c.y are absolutely necessary to the fermeture or 
closing of the breech of the piece. 

Mr. Mann's quotation, on page 35 of " statements," is not correct, or 
at least calculated to mislead. The '' poiuf was not made by the Board 
against the gun itself, but against the breech arrangement, that is, 
against the entire mechanism necessary to close the breech and resist 
the shock of the discharge to the rear. 

Eeports that Mr. Mann quotes were all made many years ago, at 
which time his mechanism was new, and was considered wbrthy of trial; 
but now the world has got beyond it, and practical experience has given 
us systems that are light, simple, and superior to Mr. Mann's, and have 
been proved to be strong enough for all the work expected irom high- 
power guns. 

As guns are made to give admirable results with these simple sys- 
tems, there is no necessity of resorting to any system against which 
serious objections can be justly raised. 

Wm. Wheeler Hubbell. 

Proposition that a heavy gun of high power be made of a special 
metal and cast solid should not be entertained, for, though Mr. Hubbell 
states that specimens have given high tensile strength, the metal has 
not been fabricated in sufficient quantities or in large enough masses 
to form a proper or correct estimate of its value for gun construction. 

If it has been made in small specimens, experience in the casting of 
steel to which it is claimed this metal approximates has not reached a 
degree of perfection to warrant its use even in an experimental gun. 

Simple casting not an advantageous method of making guns; much 
greater strength can be obtained by building up. 
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No necessity for using his metal for the smooth-bore gnns or guns of 
moderate power, as proposed ; for old cast-iron gans now on hand are 
being economically ntilized by conversion for that purpose. 

Breech mechanism not so strong or simx>le as those in use. 

Theodore Yates. 

Projectile made of parts, hence lacks necessary strength for penetra- 
tion: weak point comes where it should be strongest — i. e., at base of 
heaa. 

Means of giving rotation not so good as those in use which have been 
thoroughly and satisfactorily tried, and it is doubtful if it could be used 
at all witli the increasing twist that we must have in high-power guns. 

Breech-loading device is weak; would be difficult to fabricate. It 
would be difficult to obtain the close fit required in breech mechanism. 
Weakens the gun and aftbrds no support in return, for proposed "shell'' 
cannot be shrunk on the body. 

Not applicable to the built-up system of construction, on which sys- 
tem modern guns must be made. 

Apparently no good reasons can be urged for its success. 

Getty Board say : 

That the Board has examined the model, description, &c,, of Mr. Yates' breech-load- 
ing ordnance, and is of the opinion that the breech-loading device does not possess 
Bumcient merit to Tvarrant its actual test. 
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